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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DESIGN-CRITERIA-OF OVERHEAD TRANSMISSION LINES -
DESIGN CRITERIA

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all

inte
this
Tec
Pub
in
gov

withl the International Organization for Standardization (ISO) in accordance with conditions determ
agrgeement between the two organizations.

2) The
con
inte

3) IEC

Conmpmittees in that sense. While all reasonable efforts are made to_énsure that the technical content
Publications is accurate, IEC cannot be held responsible for the ‘way in which they are used or

mis

4) In drder to promote international uniformity, IEC National Committees undertake to apply IEC Publ

tran|

between any IEC Publication and the corresponding national or regional publication shall be clearly indi

the

5) IEC
ass
ser

6) Al

7) No
mer|
othd

exp
Pub

8) Att¢g
indi
9) Attd
pate

This 1
made
has b

national electrotechnical committees (IEC National Committees). The object of [EC Is to
Fnational co-operation on all questions concerning standardization in the electrical and electronie-.fig
end and in addition to other activities, IEC publishes International Standards, Technical Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to &

he subject dealt with may participate in this preparatory work. International, governmental an
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates

formal decisions or agreements of IEC on technical matters express, as neatly 'as possible, an inter
Eensus of opinion on the relevant subjects since each technical committée has representation
ested IEC National Committees.

Publications have the form of recommendations for international use“and are accepted by IEC |

nterpretation by any end user.

sparently to the maximum extent possible in their national and regional publications. Any div

atter.

itself does not provide any attestation of conformity. Independent certification bodies provide co
pssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

sers should ensure that they have the latest edition of this publication.

iability shall attach to IEC or its directors, employees, servants or agents including individual exp4g
hbers of its technical committees-and IEC National Committees for any personal injury, property dan
r damage of any nature whatseever, whether direct or indirect, or for costs (including legal fe
bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
ications.

Epensable for the correct application of this publication.

ntion is drawn to th'e possibility that some of the elements of this IEC Publication may be the su
nt rights. IEC'shall not be held responsible for identifying any or all such patent rights.

romote
Ids. To
Cations,
s “IEC

ication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inferested

d non-
closely
ned by

hational
rom all

National
of IEC
for any

cations
brgence
ated in

formity
for any

rts and
hage or
ps) and
er IEC

ntion is drawn to the.Normative references cited in this publication. Use of the referenced publicdtions is

bject of

edline.version of the official IEC Standard allows the user to identify the chpnges

nange

to the previous edition. A vertical bar appears in the margin wherever a ¢

pen made. Additions are in green text deletions are in strikethrough red text)
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International Standard IEC 60826 has been prepared by IEC technical committe
Overhead lines.

e 11:

This fourth edition cancels and replaces the third edition published in 2003. It constitutes a
technical revision.

The m

ain technical changes with regard to the previous edition are as follows:

This standard has been further simplified by removing many informative annexes and

The tg

Full information on the voting for the approval of this International Standard can be fo

the re

This d

ilence in the application of this standard, together with information about amplifica
peed due to escarpments. The annexes dealing with icing data have also beénuj
hew work by CIGRE.

xt of this standard is based on the following documents:
FDIS Report on voting
11/251/FDIS 11/252/RVD

bort on voting indicated in the above table.

ocument has been drafted in accordance withthe ISO/IEC Directives, Part 2.

users
ion of
dated

ind in

The committee has decided that the contents. efcthis document will remain unchanged until the

stabili

y date indicated on the IEC website under "http://webstore.iec.ch" in the data rel3

ted to

the specific document. At this date, the decument will be

e re¢onfirmed,

e wifhdrawn,

e replaced by a revised edition, or

e anjended.

IMPORTANT —=The “colour inside” logo on the cover page of this publication indjcates

that if
of its

contains’ colours which are considered to be useful for the correct understanding
contents. Users should therefore print this publication using a colour printen.
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DESIGN-CRITERIA-OF OVERHEAD TRANSMISSION LINES -
DESIGN CRITERIA

1 Scope

This International Standard specifies the loading and strength requirements of overhead lines
derived from reliability-based design principles. These requirements apply to lines 45 kV and

above

This d
with ¢
semi-j
data f
specif]

Althoy
addre
existir

~but can also be applied to lines with a lower nominal voltage

verhead transmission lines, using reliability concepts and employing probabili
robabilistic methods. These national standards will need to establish the local ¢
br the use and application of this standard, in addition to other dataythat are cd
c.

gh the design criteria in this standard apply to new lines, many:concepts can be u
Es the design and reliability requirements for refurbishment, Upgrading and upra
g lines.

This document does not cover the detailed design of, lihe components such as—

suppo

2 N

The fq
conter
cited §
any ar

Its, foundations, conductors or insulators stringss

brmative references

llowing documents are referred to in the text in such a way that some or all 9

pplies. For undated references, the latest edition of the referenced document (ing
hendments) applies.

IEC 60652:2002, Loading tests ,on overhead line structures

IEC 6

IEC 6

IEC 6

IEC 6

089:49914, Roundwire concentric lay overhead electrical stranded conductors
7731996, Owerhead lines — Testing of foundations for structures

7741997, Overhead lines — Meteorological data for assessing climatic loads

ocument also provides a framework for the preparation of national standands’ dealing

stic or
imatic
untry-

sed to
ing of

loOWers

f their

t constitutes requirements of this>document. For dated references, only the ¢dition

luding

284:1997, Overhead lines — Requirements and tests for fittings

3 Terms, definitions, symbols and abbreviations

For the purposes of this document, the following terms, definitions, symbols and abbreviations

apply.
3.1
3.1.1

Terms and definitions

characteristic strength

guara
Rc
streng

nteed strength, minimum strength, minimum failing load

th value guaranteed in appropriate standards
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Note 1 to entry: This value usually corresponds to an exclusion limit, from 2 % to 5 %, with 10 % being an upper
practical (and conservative) limit.

3.1.2

coefficient of variation

cov

ratio of the standard deviation to the mean value

Note 1 to entry: The COV of load and strength are respectively denoted by vq and vg.

3.1.3
components

differ ntnarte of 9 trancmiccinn lina cvctam havin
H—patS—o+—a—+tahsS SSHOHTHE-S Y Ste it

Note 1 jo entry: Typical components are-tewers supports, foundations, conductors and insulator strifigs«

3.1.4
damage limit (of a component)
servidgeability limit state

strength limit of a component corresponding to a defined limit of permanent (or inglastic)
deformation of this component which leads to damage to the system (f\it'is exceeded

Note 1 fo entry: This limit is also called the serviceability limit state in buildifg*codes based on limit states |[design.

3.1.5
damage state (of the system)
state Where the system needs repairing because one of.its components has exceeded it$
damage limit

Note 1 fo entry: The system needs repairing because itcis not capable of fulfilling its task under design Ipads or
becausg design clearances may be reduced (e.g. condictor to ground).

3.1.6
elements
differgnt parts of a component

Note 1 fo entry: For example, the elements of a steel lattice tower are steel angles, plates and bolts.

3.1.7
exclusion limit
e%
value |of a variablewtaken from its distribution function and corresponding to a probabljlity of
e % off not being-exceeded

3.1.8
failure limit' (of a component)
ultimate.limit state

strength limit of a component which leads to the failure of the system if this limit is exceeded

Note 1 to entry: If this strength limit is exceeded, the system will reach a state called “ultimate limit state” as
defined in building codes based on limit states design.

3.1.9

failure state (of the system)

state of a system in which a major component has failed because one of its components has
reached its failure limit (such as by rupture, buckling, overturning)

Note 1 to entry: This state leads to the termination of the ability of the line to transmit power and needs to be
repaired.

3.1.10
intact state
state in which a system can accomplish its required function and can sustain limit loads
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3.1.11
limit load

o

T
climatic load corresponding to a return period, 7, used for design purposes without additional
load factors

Note 1 to entry: Refer to 5.2.1.

3.1.12
load factor

v
factor to be multiplied by the limit load in order to design line components

3.11
operating period
general measure of useful (or economical) life

Note 1 fo entry: Typical operating periods of transmission lines vary from 30 years to 80(years.

3.11
refereince wind speed
VR
wind speed at 10 m in height, corresponding to an averagingperiod of 10 min and having
a retufn period T

Note 1 fo entry: When this wind speed is taken in a terrain type B,“which is the most common case in the industry,
the refgrence wind speed is identified as Vgg.

3.1.15
referegince ice load
8R OT [R
reference limit ice loads (g, is a unit ice weight and ¢ is a uniform radial ice thickness ground
the conpductor) having a return period .

3.1.16
reliabjlity (structural)
probability that a system perferms a given task, under a set of operating conditions, dyring a
specifled time

Note 1 |to entry: Reliability is thus a measure of the success of a system in accomplishing its tagk. The
complement to reliabilitynis the probability of failure or unreliability.

3.1.17
return period:(of a climatic event)
T
average.occurrence in years of a climatic event having a defined intensity

Note 1 to entry: The inverse of the return period is the yearly frequency which corresponds to the probability of
exceeding this climatic event in a given year.

3.1.18
safety
ability of a system not to cause human injuries or loss of lives

Note 1 to entry: In this document, safety relates mainly to protection of workers during construction and
maintenance operations. The safety of the public and of the environment in general is covered by national
regulations.
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security (structural)
ability of a system to be protected from a major collapse (cascading effect) if a failure is
triggered in a given component

Note 1 to entry: Security is a deterministic concept as opposed to reliability which is a probabilistic concept.

3.1.20

strength factor

(1

factor applied to the characteristic strength of a component

Note 1 fo entry: This factor takes into account the coordination of strength, the number of components-sybjected

to maximum load, quality and statistical parameters of components.

3.1.21
system

set of components connected together to form the transmission line

3.1.22
task

function of the system (transmission line), i.e. to transmit power between its two ends

3.1.23

unavdilability
inability of a system to accomplish its task

Note 1 fo entry: Unavailability of transmission lines results*from structural unreliability as well as from failpure due

to othen events such as landslides, impact of objects, sabotage, defects in material, etc.

3.1.24

use fgctor

U

ratio df the actual load (as built) to, limit load of a component

Note 1 fo entry: For tangent-tewe#s supports, it is virtually equal to the ratio of actual to maximum desigh spans
(wind of weight) and for angle-tewerS”supports; it also includes the ratio of the sines of the half angles of dgviation

(actual fo design angles).

3.2 |Symbols and a@bbreviations

Unit actien\of wind speed on line elements (Pa or N/m2)
Wind/farce on conductors (N)
Windforce on insulators (N)

Wind force acting on a tower panel made of steel angles, 4;. for cylindrical|tower

cov

members (i)
Reduction factor of the reference wind speed for wind and ice combinations
Drag coefficient (general form)

Drag coefficient of ice covered conductors (C;_ for low probability and C;y for a high
probability)

Drag coefficient of conductors
Drag coefficient of insulators

Drag coefficient of supports C,;¢, C,p for each tower face (C
members)

xtc ON cylindrical tower

Coefficient of variation, also identified as v, (ratio of standard deviation to mean
value)
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d Conductor diameter (m)

dyg Diameter of cylindrical tower members (m)

D Equivalent diameter of ice covered conductors (Dy for high probability and D for low
probability) (m)

e Exclusion limit (%)

ey Exclusion limit of N components in series (%)

f——Probability-density-function-of-variablex

Fiy Cumulative distribution function of variable x

G Wind factor (general form)

G, Combined wind factor of conductors

Gy Combined wind factor of towers

G_ Span factor for wind calculations

g Unit weight of ice (N/m)

m Yearly maximum ice load (N/m)

m Mean-value-of yearly maximum ice loads (N/m)

gmax Maximum weight of ice per unit length observed duting”a certain number of|years

(N/m)

gr Reference design ice weight (N/m)

gH Ice load having a high probability (N/m)

gL Ice load having a low probability (N/m)

P BT ‘ ‘ . ‘ . Bt

H Horizontal tensile load

Kr Terrain roughness factor

Ky Diameter factor related to the, influence of conductor diameter

K, Height factor to be multiplied by ; to account for the influence of height [above
ground

K, Factor to be muitiplied by § to account for the influence of the number of yeafs with
icing observations

lg Length of a\support member (m)

L Span/ength or wind span (m)

Ly, Avérage span (m)

n Number of years of observation of a climatic event

N Number of components subjected to maximum loading intensity

Py Probability-of failure (%)

By - i f fai ¢ 7y

P, - i ‘ . o

P, - i ‘ . ‘ (%

(0] General expression used to identify the effects of weather related loads on lines and
their components

Ot The system limit load corresponding a return period T

90 Dynamic reference wind pressure due to reference wind speed Vg (qq., qon for low

and high probability) (Pa or N/m2)
Re Reynolds number
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Strength (usually in Pa or in kN depending on components)

Mean strength (units same as for R)

Characteristic strength (units same as for R)

Exclusion limit (e) of strength (units same as for R)

Residual static load of a broken conductor (kN)

Projected area of insulators (m?2)

Projected area of a tower panel (m2)

Ice load expressed in uniform radial ice thickness around the conductor (mm)

Reference ice load expressed In uniform radial thickness around the conductar
Return period-in of weather events (years)

Number of standard deviations between mean strength and characteristic stren
Use factor

Coefficient of variation (COV) of variable x
Wind speed (m/s)

Yearly maximum wind speed (m/s)

Mean yearly maximum wind speed (m/s)

Yearly maximum gradient wind speed (m/s)

Mean yearly maximum gradient wind speed.(m/s)

Reference wind speed (m/s)

Low probability-reference wind speed associated with icing (m/s)
High probability-reference windispeed associated with icing (m/s)
Unit weight of conductor.er ground wire (N/m)

Mean value of variabtex

Horizontal distange between foundations of a support (m)

Height above(ground of conductors, centre of gravity of towers panels, or ing
strings (m)

Load facter (general form)
Use-factor coefficient

Loead factor to adjust the 50 year wind speed to a return period T

(mm)

jth

ulator

Load factor to adjust the 50 year ice thickness to a return period T

Load factor to adjust the 50 year ice weight to a return period T

Ice density (kg/m3)
Strength factor (general form)

Global strength factor

Strength factor due to number of components subjected to maximum load intensity

Strength factor due to coordination of strength
Strength factor due to quality
Strength factor related to the characteristic strength R,

Standard deviation of variable x
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Oy Standard deviation of yearly maximum ice loads (N/m)
Mass of air per unit volume (kg/m3)
T Air density correction factor
% Kinetic air viscosity (m?2/s)
Angle between wind direction and the conductor (degrees)
0 Angle of incidence of wind direction with the tower panel (degrees)
o' Angle of incidence of wind direction with cylindrical elements of tower (degrees)
V4 Solidity ratio of a tower panel
4 Gegneral

4.1 |Objective
This document serves either of the following purposes:

a) It provides design criteria for overhead lines based on reliability-goncepts. The rel|ability
bagped method is particularly useful in areas where significant @mounts of meteorological
and strength data are readily available. This method may however be used fof lines
depigned to withstand specific climatic loads, either derived from experience or through
calibration with existing lines that had a long history of satisfactory performance. In|these
capges, design consistency between strengths of line, components will be achieveld, but
actual reliability levels may not be known, particularly if there has been no evidence or
experience with previous line failures.

It is important to note that the design criteriacin\this standard do not constitute a complete
depign manual for transmission lines. Howeyer, guidance is given on how to increape the
ling reliability if required, and to adjust thie strength of individual components to achjeve a
depired coordination of strength between them.

b) It provides a framework for the preparation of national standards for transmission lines
us|ng reliability concepts and employing probabilistic or semi-probabilistic methods. [These
nafional standards will need to establish the climatic data for the use and application of
thip standard in addition to ether data specific to each country.

This standard also provides minimum safety requirements to protect peopl¢ and
copstruction/maintenance personnel from injury, as well as to ensure an acceptabl¢ level
of service continuity-(safe and economical design).

The degsign criteriatin.this standard apply to new line conditions. It is however a fact of life that
transmission lines age and lose strength with time. The amount of strength reduction gue to
ageing is difficult*to generalize, as it varies from one component to another, and also defpends
on thq type<of material, the manufacturing processes and the environmental influenceq. This
issue |s currently being studied by relevant technical bodies.

The requirements are specified in this standard, while, in Annexes A to G, additional
informative data and explanations are given.

4.2 System design

The methodology is based on the concept whereby a transmission line is designed as a
system made of components such as supports, foundations, conductors and insulator strings.
This approach enables the designer to coordinate the strengths of components within the
system and recognizes the fact that a transmission line is a series of components where the
failure of any component could lead to the loss of power transmitting capability. It is expected
that this approach should lead to an overall economical design without undesirable mismatch.

As a consequence of such a system design approach, it is recognized that line reliability is
controlled by that of the least reliable component.
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An overhead transmission line can be divided into four major components as shown in
Figure 1. Subsequently, each component may be divided into different elements.

SYSTEM COMPONENTS ELEMENTS

Steel sections,

wood, etc.
——— Supports Bolts
. ——— Guys and their fittings
——— Foundations
TRANSMISSION
LINE Conductors (including ——  Joints
| earthwires)
—— Connectors
——— Insulator strings Insulaters
L—— Fittings

Figure 1 — Diagram of a transmission line

4.3 |System reliability

The opjective of design criteria described in this standard is to provide for reliable anfl safe
lines. | The reliability of lines is achieved by sproviding strength requirements qof line
compgnents larger than the quantifiable effects“of specified weather related loads. [These
climat|c loads are identified in this standard¢as well as means to calculate their effepts on
| transmission lines. However, it has to be recognized that other conditions, not usually dealt
with irrlthe design process, can occur and“can lead to line failure such as impact of objects,
defects in material, etc. Some measures, entitled security requirements, included in this
standard provide lines with enoughystrength to reduce damage and its propagation, shpuld it
occur,

5 General design criteria

5.1 Methodology
51.1 General

The recommended methodology for designing transmission line components is summarized in
Figurg 2 and can be described as follows:

a) Cottectpretiminary fine design data and avaitabie chimatic data:

NOTE 1 In some countries, reference wind speed, such as the 50 year return period, is given in national
standards.

b1) Select the reliability level in terms of return period of limit loads.

b2) Select the security (failure containment) requirements.

| b3) List Identify safety requirements imposed by mandatory regulations and construction and
maintenance loads.

c) Calculate climatic variables corresponding to selected return period of limit loads.
d1) Calculate climatic limit loads on components.
d2) Calculate loads corresponding to security requirements.
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d3) Calculate loads related to safety requirements during construction and maintenance.
e) Determine the suitable strength coordination between line components.

f)  Select appropriate load and strength factors applicable to load and strength formulas.
g1) Calculate the characteristic strengths required for components.

g2) Check compliance with national safety regulations, and adjust the design if non-
compliant.

h) Design line components for the above strength requirements.

This standard deals with items b) to g2). ltems a) and h) are not part of the scope of this
standard. They are identified by a shaded frame in Figure 2.

a) Preliminary design: route selection, conductors, insulation design,
suppollts, foundations, climate data, etc.

b1) Seject reliability level b2) Select security b3) List Identify saféty requirements
requirements (compulsory)

c) Calgulate climatic

variables
d1) Caflculate climatic limit d2) Calculate loads related d3) Calculate construction and
loads to security maintenance loads

e) Determine strength
coordination

f) Select load and'strength
factors

g1) Lalculate required
characteristic strength of
components

g2) Check compliance with safety
requirements of national and regionjal
regulations. In case of a non-complfance,
modify the design as needed

h) Detailed design of line
components

IEC

Figure 2 — Transmission line design methodology

5.1.2 Reliability requirements
5.1.21 Reliability levels (weather related loads)

Reliability requirements aim to ensure that lines can withstand the defined climatic-limit-loads
events (wind, ice, ice and wind, having a return period 7) and the loads derived from these
events during the projected life cycle of the system and can provide service continuity under
these conditions.

Transmission lines can be designed for different reliability levels (or classes). For the
purposes of this standard, the reference reliability level is defined as the reliability of a line
designed for a 50 year return period climatic event associated with a 10 % exclusion limit of
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strength (applies to the components selected as the least reliable). This reference reliability
level is generally regarded as providing an acceptable reliability level in respect of continuity
of service and safety.

Lines can be designed for higher reliability levels by increasing the return period T of climatic
events. A higher reliability can be justified for example by the importance of the line in the
network. Three reliability levels are proposed in this standard and are assumed to cover
the range of values to be considered for most transmission lines. These levels are expressed
in terms of return periods of climatic-tmitloads events as shown in Table 1. For temporary
lines, some wooden poles or lines of limited importance, return periods of about 25 years may
be appropriate.

Table 1 — Reliability levels for transmission lines

Reliability levels 1 2 3

T| return period of climatic-imitteads event, in years 50 150 50p
NOTE |Some national regulations and/or codes of practice, sometimes impose{~directly or indirectly,| design
requirefnents that may restrict the choices offered to designers.
Other|values of T in the range of 50 to 500 years, such as 100,7200 and 400 years, dan be
used if justified by local conditions.
In some cases, individual utility’s requirements can dictate other reliability levels dep¢nding
on thg proper optimization between initial cost of thedine and future cost of damage, gs well

as on

5.1.2.]

Both
compy
line to
reliabi
by the

uncertainties related to input design parameters.

p Approximate values for yearly réeliability

oads (Q) and strengths (R) are. stochastic variables and the combined reliab
table if the statistical functions ofiload QO and strength R are known. The conditio
be reliable is when loads effécts are less than the strength withstand of the lin
ity-condition-translates-intgand probability of failure are complements to 1 as ind
following Formula (1).

Yearly reliability(probability of survival) = 1 — yearly probability of failure

lity is
n for a
p. The
icated

(1)

) oo doslid ol 4 ' £ 1 (DAY

TOtHC PToPaigtity GTHOTty TOtotott Ot toad 7,

When the characteristic strength, deemed to be the strength being exceeded with 90 %
probability (i.e. the exclusion limit is 10 %, or (10 %)R), is set equal to the climatic load

corresponding to the selected return period T, designated Q; (havirg—a—return—period—7},
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various probabilistic combinations lead to a theoretical yearly minimum reliability of around
(1 = 1/27). This association between load and strength is given by the following Formula (2)1:

07 = (10 %) R (2)

Throughout the present standard, the loading Ot is called the system limit load having a
return period 7.

The actual reliability can be different if—input load and strength data are not sufficiently
accurate or available i i iati ik

fai!ur‘_) Inthe latter case, the absolute rnlinhilify may not-be known, but its value relative to a

reference design may be computed if new line parameters are comparable to the Lﬁe rence

valueq. Qy
The r¢lationship expressed in Formula (2) can be further refined through the“ntroduction of
corregtion factors related to the following items: ('l/

e usg factors of components: the fact that all components are not d at their maximum
depign parameter (wind span, weight span, height of support, IiQ) gle) contributeqd to an
ingrease of the reliability;

e characteristic strength R: in actual lines, the characteris@trength of most components
cofresponds to an exclusion limit less than 10 %. If, i s<such cases, it is assumed| to be
eqpal to 10 %, then the actual reliability of the line Wi&b higher;

o strength coordination: a selected strength coord@m results in an increase of stfength
or withstand resistance of some components; \\

e number of components subjected to maxim‘&% loading intensity: whenever a stqrm or
seyere icing occurs, not all structures will\é@subjected to maximum loads, since the|storm
is |limited in spatial extension;

e quplity control during fabrication anv%\&)nstruction: by these measures, low quality material
will be eliminated. No component& th strengths below a certain limit will be used,;

e crifical wind direction: in case*c}'wind loads it generally is assumed for design pulposes

thgt maximum wind velocities also act in the most unfavourable direction. Hoever,
mgximum winds are distr@ ed in angle sectors. Approximate calculations carried put by
thg¢ CIGRE Working Ggoup SC 22.06 showed that more realistic assumptions could reduce
the probability of fa@§by one order of magnitude.

In praftice, if the g\)e factors are not properly taken into account in Formula (2), thén the
resulting reliabilj Il be different from the theoretical values.

While [the e-mentioned factors contribute to the actual reliability usually being highdr than
the tHe ical values, other factors could lead to opposite effects, i.e. a reductjon in
reliability»For example, the ageing of some line components and the fatigue due to { large

number of loading cycles will have a negative effect on reliability.

It is noted that requirements for other events such as earthquakes are not covered in this
standard.

NOTE Usually, transmission structures are not affected by earthquake loads because they are already designed
for important horizontal wind and longitudinal loads that are applied on the higher points of the structure.

It is also noted that the above probability of failure is only one of the components of the total
line unavailability as described in 3.1.23.

1 Additional information and background data related to reliability based design of overhead lines can be found in
the following CIGRE publications and brochures: Technical Brochures 109 and 178 (Chapter 2), Electra papers
1991-137 and 2000-189.
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5.1.3 Security requirements

Security requirements correspond to special loads and/or measures intended to reduce-risk
probability of uncontrollable progressive (or cascading) failures that may extend well beyond
an initial failure. These measures are detailed in 6.6.

NOTE Some security measures, such as those providing longitudinal strength of broken conductor loads for
‘ failure containment can also lead to an increase in reliability to withstand unbalanced ice loads.

5.1.4 Safety requirements

Safety requirements consist of special loads for which line components (mostly support

b ra)l haovuan +a8 bha Aot d_to Bod that conctei ot ndmaintananco - oanors +ia d
mem o ave—to— T uuolulluu, to—eRSHre—that—eonstructHeo—anea—mathteRahee uPuluu\.nS (0]

not pase additional safety hazards to people. These measures are detailed in 6.5.

5.2 |Climatic Load-strength requirements

5.2.1 Limit Climatic loads

Loads| associated with climatic events are random variables. Three weather-related Ipading
conditjons are recognized: wind, ice, and wind and ice combined.\When statistical data of
wind fnd/or ice are available, these can be used to compute’ the—elimatic limif load
corregponding-to-the-selectedreturnperiodT—designated Qr, for-each component expopsed to
the climatic event under consideration. 4n4h&eempu¢a%+en«preeess,—eens+de#afaen4heﬂdﬁbe

agivenlto the snatial extent n'F the line
gtven SPa HE5

lelf‘lll"
tao cH

In thecalculation process for each component, the following condition has to be checked:

Designdimit load < design strength (3)
or, mdre precisely,
Load factor y x effect of limit load Ot < strength factor @ x characteristic strength R_..

With tfhe approach, proposed,—chmatic system limit loads Ot are used for design without
additignal load factors. Consequently, y is taken equal to 1.

Thus the previous relation becomes:

effect of U7 < @ x R, (4)
For weather related loads, the effects of Ot are detailed in 6.2 to 6.4.

Formula (5) is used to compute the minimum value of characteristic strength R_ for each
component in order to withstand limit loads.

> (effect of O7) / @ (5)

‘ Limit load Ot can be obtained from the statistical analysis of climatic data in accordance with
techniques detailed in Annexes C and D. In some national standards, a reference (usually a
50 year return period value) climatic variable is specified. In such a case, the climatic variable
for any return period T (years) can be estimated by multiplying the 50 year reference value of

| the climatic variable by the load factor y, given in Table 2. In case other types of distribution
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functions are found to better represent the variation of yearly extreme values, the y; factors
below may change.

Table 2 — Default y; factors for adjustment of climatic loads
in relation to return period 7T versus 50 years

Wind speed Ice variable
Return period T
yegrs al (ice th]:flt(ness) o (ice];vzlvivght)
50 1 1 1
150 1,10 1,15 1,20
500 1,20 1,30 1745

NOTE |The above y values are sufficiently accurate for a COV of up to 6:16 % for wind' speed, 630 %| for ice
thicknegs and ;65 % for unit ice weight and are derived from the Gumbel distribution fungtion.

5.2.2 Design requirements for the system

Three|types of design conditions shall be checked: reliability; ‘sécurity and safety. Table 3
summprizes the context of loads, the required performance\and the strengths limit |states |
assoclated with each condition.

Table 3 — Design requirements for the system

Condition Type of load Required performance Corresponding I|mit
(qr requirement) state
Reliab|lity Climatic loads due to wind,*| To ensure reliable and Damage limit
ice, ice plus wind, and safe power transmission
temperature, havingla capability
return period T
Security Torsional, vertical, and To reduce the probability Failure limit
longitudinaiNoads of uncontrollable

propagation of failures
(failure containment)

Safety Canstruction and To ensure safe Damage limit
maintenance loads construction and
maintenance conditions

5.2.3 Design-equation formula for each component

When|designing individual line components, Formula (4) can be expanded into:

ny x effect of Or < @D x R, (6)

7y is the use factor coefficient. It is derived from the distribution function of the use factor U
and expresses the relationship between effective (actual) and design (original) conditions or
parameters. The use factor U is a random variable equal to the ratio of the effective (actual
line conditions) limit load applied to a component by a climatic event to the design limit load
for this component under the same climatic event (using maximum parameters). Symbol y, is
introduced because components are designed in general by families, not individually for each
support and location. Thus, since components are usually designed prior to specific
knowledge of their real line parameters (wind and weight spans and angle of deviation), it is
admissible to use y; = 1 for new lines design.

NOTE This is equivalent to considering that design is-irfluenced controlled by the maximum span in the line for a
given support type.
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It is important to note this simplification will certainly have a positive influence on reliability.
However, the influence of », on reliability can be fully considered for existing lines, where use
parameters of components are fully known. For a detailed discussion on the subject, refer to
Annex E.

R. is the characteristic strength. It is the value guaranteed in appropriate standards for new
components, usually with a 90 % to 98 % probability. This value is also called the guaranteed
strength, the minimum strength or the minimum failing load. When not specified or calculated,
the exclusion limit of R, can be conservatively taken as 10 % (typical values are in the range
of 2 % to 10 %). It is generally accepted that line components will age with time, just like any
structural components, and will suffer a reduction in their strength. This quantification of loss
of str ith-ti i i i iabili herein
are bgsed on new line conditions. If the reduction of strength due to ageing or fatigue\¢an be
quantified in some components, it is needed to define the minimum residual stfepgtih that
shoulq trigger the replacement of these components.

Very (ften, standards only provide a single normative value usually associated with failure of
the component, while the design approach mentioned above requires theconsideration jof two
limits:([damage and failure limits. If the damage limit corresponding to R, is not specified|in the
standards, Tables 18 to 21 can be used to provide such values.

@y is|a global strength factor applicable to the component.bgéing designed that takgs into
accoupt:
a) feqtures related to the system

— [the number (N) of components exposed .tol the limit load Ot during any |single
occurrence of this load event, (hence @y);

— | the coordination of strengths selected bétween components, (hence @g).
b) features related to the component

— | the difference in the quality of\the component during prototype testing and jactual
installation, (hence @g);

— | the difference between the-actual exclusion limit of R, and the supposed e =110 %,
(hence @.).

As thgse factors are assumed statistically independent:

de:djN deSX@Q dec (7)

The apove strength factors @ are detailed in 7.2.

6 Loadings

6.1 Description

This clause defines structural loadings considered for the design of transmission line
components.

As indicated in 5.2.1, three load categories are considered:
a) loads due to climatic events or any loads derived from them which govern the reliability of
the line for the expected life time.
These loads will be analysed in the following subclauses:
— wind loads (6.2);
— ice without wind (6.3);
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ice with wind (6.4);

b) loads related to safety requirements (construction and maintenance) (6.5);

c) loads related to security requirements (failure containment) (6.6).

6.2
6.2.1

Climatic loads, wind and associated temperatures

General

This subclause defines the procedures to evaluate the wind and associated temperature
effects on line components and elements (conductors, insulator strings, supports).

6.2.2
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wever, for span lengths greater than 800 m, a gust coefficient gcorresponding to
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D m span can be applied.

hciples, but the calculated wind actions would need.:to be checked. In particul3
en frequency of structures above 60 m will often increase the gust response facto

topographic environment, except where spegifiec study results are available.

rrain  without local topographical features” whose size and shape are lik
nificantly affect the wind profile of the region under consideration.
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It is ipportant to note that requirements;for special winds associated with localized évents

such
standg

s tornadoes are not-specificallyycovered part of the normative requirements
rd. It is however recognized that these winds can cause serious dama
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carrie
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6.2.3

Wind

rough
terrair
indica

ission lines either directly. (due to wind forces) or indirectly (due to impact of

by wind)2. Furthermore, the effects of acceleration due to funnelling between H
-sloping—grounds are not*covered and may require specific climatic studies to 3
influences. In the  informative Annex G, proposals are made to deal with
ration due to localtepography such as slopes.

Terrain roughness

speed @nd turbulence depend on the terrain roughness. With increasing

ness, turbulence increases and wind speed decreases near ground level. Four ty,
categories, with increasing roughness values, are considered in this standa
ed\in Table 4.

n this
ge to
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ills—er
ssess
wind
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pes of
rd as

2 CIGRE WG B2.06 has published Technical Brochure No. 350 on special localized high intensity wind
phenomena such as tornadoes and downbursts. The proposals of this Brochure will benefit from validation by
service experience and are referred to in order to encourage additional research and comprehension about the
impact of HIW on overhead transmission lines. These studies suggest some simplified support load cases that
could reduce the probability of failure of structures subjected to such wind events. It is however important to
note that many of these high wind events involve flying debris that can lead to support failures irrespective of

the

proposed strengthening.
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Table 4 — Classification of terrain categories

Terrain Roughness characteristics Kkp
categor
y
Large stretch of water upwind, flat coastal areas 1,08
B Open country with very few obstacles, for example airports or cultivated fields with 1,00
few trees or buildings
C Terrain with numerous small obstacles of low height (hedges, trees and buildings) Lok
D Suburban areas or terrain with many tall trees B

M%@WRWWM@%W
conversion—from—one—terrain—category—to—another—The—use—of Kkp—is—detalled—in6PL3—A

ascribtion of . | I stios is aiven ln G Wi

It is npted that snow accumulation on the ground will reduce the groundzolghness and may
increape the terrain category to a higher one in Table 4. However, this [should also taKe into
accoupt the duration of such snow and the occurrence of very high.wind speeds durind snow
presemce

In argdas where trees could be cut, care should be takefi in the selection of the ferrain
categgry.

6.2.4 | Reference wind speed V

ibn-from
Fstph—+Hom

The rgference wifidhspeed Vg (m/s) corresponding to the selected return period T is defined
as mepn value-ef.the wind during a 10 min period at a level of 10 m above ground.

Usually J/a_is measured in weather stations typical of terrain type B. In such cases,| Vg is
identiffjed\ds Vgpg.

If the reference wind speed for terrain category B, V'grg is only known, Vg can be determined
with

VR = KR VRrB (8)
where K is the roughness factor in Table 5.

When available wind data differs from these assumptions, refer to 6.2.5 for conversion
methods.
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6.2.5 Assessment of meteorological measurements

Wmd action is evaluated on the basis of the reference wind speed VR—as—mean—vaJee—ef—the
, : -} that can be
determlned from a statistical analy3|s of reIevant wind speed data at 10 m above ground and
with an averaging period of 10 min.

Usually, meteorological stations (except those along the coast or in urban areas) are placed

in areas of B terrain category, such as airports. -Thereference-wind-speed-in-terrain-category

Fre—1 v A y—pite at
10 m above the ground as a mean value over a perlod of time tin s. Let V, .t be this spegd. If it
is not|measured at 10 m height above ground, the data should be adjusted first to\thig-level
reference height of 10 m.

The variation of V in terms of height was not taken into account, as anemometers are, nmost of
the time, placed at a height of about 10 m above surrounding ground\CIf this height{ z (m)
differs| from 10 m, the variation of wind speed with height z can be derived from the so{called
“powef law”, shown in Formula (9). The value of «is found in Table(5;

Table 5 — Factors describing wind action depending.on terrain category

Terrain category
Factor
A B Cc D
Z-(roughness-tength)(m) 0,04 0,05 0,30 1,04
a 0,10 to 0,12 0,16 0,22 0,2
Kk 1,08 1,00 0,85 0,67
S
V,=Vg | — 9
Or more generally:
21)*
Vz1 = V22 (_) (10)
z2

The cprves.of-Figure 3 enable to determine the ratio V,  / V, 10 min @s a function jof the
averaging(period for each category of roughness at the Iocat|on of the meteorologicdl site.
TheseTvaIues may be used in the absence of local data or studies-as-indicated-in-the-fote-in

Cor o Vs s Vi g e fottow o
V=V g mintKr (A.35)

ValuesforKg-are-given-inTable-A8-

NOTE Some countries have recently switched to a 2 s or 3 s averaging period. The conversion from the 2 s or 3 s
wind speeds to the 10 min wind can be derived from available wind statistics, or if lacking, from Figure 3.
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Figure 3 — Relationship between meteorological wind velocities at a height
of 10 m depending on terrain: category and on averaging period

Determination from gradient wind velocities

Wherg
the li
bound
asses

The g
veloci

maxin

meteorological stations:dre remote from the locations considered for the erec
e, the gradient wind speed, defined as the speed at the level on the top of the ¢
ry layer, which is, 800 m to 1 000 m above ground, may be used as a bas
sment of design wind ‘velocities.

ion of
arth’s
is for

adient wind action is characterized by the mean value of yearly maximum gradient wind

ies I7G and-its standard deviation oy,g. From the wind speed Vg the mean of the

a ;m (0 m above ground) can be approximated by the following formula:

yearly

Vm (B)=0,5 Vg

Data for ;G can usually be obtained from national weather services.

6.2.7

Combination of wind speed and temperatures

(11)

Unless a strong positive correlation is established between wind speed and temperature, it is
assumed that—maximum reference wind speed 7y does not usually occur with minimum
temperature. Consequently, only two combinations of wind speed and temperature shall
normally be considered for design purposes; the first being-maximum reference wind-at speed
combined with average daily minimum temperature and the second being reduced wind-at-the

speed

combined with extreme minimum temperature.
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In practice, the following two combinations need to be checked:

a) High wind speed-plusreference at average temperature condition

The wind—veloscities velocity 7'y defined above—fer—computation shall be considered as
occurring at an air temperature equal to the average of the daily minimum temperatures,
peculiar to the site. If statistical data confirms that high winds occur at a different
temperature, then the statistical value shall be used.

b) Reduced wind speed at the minimum low temperature condition
1) Reduced wind speed

The reduced wind speed is equal to the reference wind speed Vi multiplied by a
L . ) L is no
ed.

reliable knowledge of local conditions, a value of 0,6 for this coefficient is sugges
2)| Temperature associated with the reduced wind speed

The minimum temperature shall be considered as being equal to the_yearly minimum
value, having a return period of T years.

It is npted that the design of transmission lines is not generally controlled’by the combination
of red;Fced wind speed and minimum low temperatures (condition(h2 above). This Ipading

case may therefore be omitted, except for cases of supports with-&ery short spans (typically
less than 200 m) and minimum low temperatures (typically below —30 °C), or in the cpse of
suppofts with dead-end-supperts insulators.

6.2.8 Number of supports subjected in wind actionyeffect of length of line

Gusts|with maximum wind speed are limited in width.“An individual gust will therefore hjit only
one sppport and the adjacent spans. NevertheleSs, to take care of the several gustp with
approximately the same magnitude, it is propoged to assume that five supports are hit|in flat
or rolling terrain and two in mountains.

For lohg lines, the probability to be hit by’extreme wind actions is higher than for shorff lines.
The efffect depends on many aspegts, such as variation of terrain and climate, deslign of
suppofts adjusted to the terrain and-the loads to be expected there. The design of the line
shoulq aim at the same reliability(of the total line related to the service life of the line.

Lines |with relatively short length up to 100 km could be designed for a reliability leyel as
proposed in 5.1.2.1. Fetfonger lines, in order not to increase the probability of failufe, the
return|periods of choser/design assumptions should be extended so as to achieve the ¢verall
reliability. The adjustirent of return periods is not required if the map of wind data has ajready
been adjusted totake into account the space covered by service area.

6.2.9 Unit action of the wind speed on any line component or element

The chafacteristic value a of the unit action in Pa (N/m2), due to the wind blowing aft right
angles to any line component or element (conductors, insulator strings, all or part of the
support) is given by the following formula:

a=q9Cy G (12)

where ¢g is the dynamic reference wind pressure (in Pa or N/mZ2) and is given in terms of the
reference wind speed V’rg modified by roughness factor K (see Table 5) corresponding to

the terrain category at the location of the line:

1
40 =ETH(KRVRB)2 (Vg in m/s, and g in N/m2) (13)

where
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is the air mass per unit volume equal to 1,225 kg/m3 at a temperature of 15 °C and an
atmospheric pressure of 101,3 kPa at sea level;

is the air density correction factor. When limit wind speeds are known to be strongly
correlated with an altitude and/or temperature significantly different from the assumptions
of 15 °C and sea level, the correction factor r given in Table 6 can be applied to the
pressure qq, otherwise, ris considered to be equal to 1;

is the drag (or pressure) coefficient depending on the shape and surface properties of the
element being considered;

is the combined wind factor, taking into account the influences of the height of the element
above ground level, terrain category, wind gusts and dynamic response (component
effee he—caseofconductortoads—this—factor—s be—sptit o-factors ind G
while in the case of supports and insulators this factor is identified as G;.

2 v, oGt CtO oat CtO a € v, TO—tTWO—a O w,

Table 6 — Correction factor 7 of dynamic reference
wind pressure ¢, due to altitude and temperatures

Altitude
Tq mp:erature m
¢ 0 1000 2,000 3000
30 0,95 0,84 0,75 0,66
15 1,00 0,89 0,79 0,69
0 1,04 0,94 0,83 0,73
-15 1,12 0,99 0,88 0,77
-30 1,19 1/05 0,93 0,82

NOTE| The reference value corresponds to 0 m altitude and a temperature of 15 °C. Interpolation betwgen the
above [factors is acceptable.

6.2.

6.2.

10 Evaluation of wind loads on line components and elements

10.1 Wind loads on conductors

Wind geffects on conductors consist of loads due to wind pressure as well as the effect|of the

increase in the mechanical tension.

The Idad (4.) indN-due to the effect of the wind pressure upon a wind span L, applied [at the
support and_blewing at an angle 2 with the conductors, is given by the following exprgssion,

using g of Fermula (13).

Ag=qg Cye Go G d L sin?2 Q (14)

where

XC

is the drag coefficient of the conductor taken equal to 1,00 for the generally considered
stranded conductors and wind velocities. Other values can be used if derived from
direct measurements or wind tunnel tests. It is noted that more evidences support a C,
of 1,2 for EW or conductors having a diameter of 15 mm or less.

is the combined wind factor for the conductors given in Figure 4, which depends on
height z and terrain categories.

is the span factor given in Figure 5.
is the diameter of the conductor (m).

is the wind span of the support, equal to half the sum of the length of adjacent spans of
the support.
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Q is the angle between the wind direction and the conductor (Figure 7).

The total effect of the wind upon bundle conductors shall be taken as equal to the sum of the
actions on the sub-conductors without accounting for a possible masking effect of one of the
sub-conductors on another.

The height to be considered for conductors is the center of gravity of the suspended
conductor theoretically located at the lower third of the sag. For the purpose of transmission
support calculations, it is acceptable to consider z equal to the height of attachment point of
the conductor at the support (for-flat horizontal configuration) or of the middle conductor (for
double vertical circuit configuration). These assumptions for conductors are conservative and
compensate for the increased height of the ground wire on top of the support

Values different from Figures 4 and 5 can be used if supported by data and‘validated mqdels.

Y A
O
3,6

3,2 | L e

2,8 f FHC

2,0 L BEBE

1,6 >
10, 15 20 25 30 35 40 45 50 55 60

Height above ground (m)
IEC

Figure 4 — Combined wind factor G for conductors for various
terrain categories and heights above ground
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Figure 5 — Span factor G

Formulas for Figures 4 and 5 are given in Annex B.
2 Wind effect on conductor tension

acting on conductors will cause an increase in their mechanical tension that G
ted with standard sag-tension methods. Two cases( of wind and tempe
hations shall be checked, as stated in 6.2.7.

ries of spans is separated by suspension insulators, the ruling span concept

an be
rature

ay be

or tension calculations. It is important to note that the ruling span concept implig

es more conservative with an increasing.number of suspension spans and len|
or strings. In-seme such cases, the conductor tension due to wind load calculate
la (14) can be reduced, if supported by@xperience or data, but in no case by mor
%. With regard to ground wires, no.reduction of wind pressure is applicable bg
sence of suspension insulator strings prevents equilibrium of horizontal tensiong
pension supports, hence, results-in'the inapplicability of the ruling span concept.

- The ruling span of a .series of suspension spans between dead-ends is eq
L)”Z.

b Caution should bevexerted when using the above reduction factor of up to-49
span between dead-end-tewers supports; in such case, no reduction factor is app

mportart )to properly control any damaging vibration to conductors by limitin
ctors-tensions to appropriate levels (refer to Annex F for further information).

6.2.10

s that

me wind pressure applies to all spans betweenh dead-end insulators. This assumption

gth of
d with
b than
cause
even

ual to

20 %

5e some supports/may be used in sections with few suspension spans and evenp as a

ied.

g the

3 Wind load insul .

Wind loads acting on insulator strings originate from the load 4 transferred by the conductors
and from the wind pressure acting directly on the insulator strings. The latter load is applied
conventionally at the attachment point to the support in the direction of the wind and its value

(in N)

where
qo iS
Cy is

is given by:

4; = qg Cyxi Gt S

the dynamic reference wind pressure in Pa (N/m2);
the drag coefficient of the insulators, considered equal to 1,20;

(15)
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G, is the combined wind factor given in Figure 6, variable with the roughness of the terrain,
and with the height of the centre of gravity of the insulator string above the surrounding
land. The same average height of conductors can be used.

NOTE The formula for Figure 6 is given in Annex B.
S.

i is the area of the insulator string projected horizontally on a vertical plane parallel to the

axis of the string (m?2). In the case of multiple strings, the total area can be conservatively
taken as the sum of all strings.
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Flgure 6 — Combined wind factor G; applicable to supports and insulator strinds

It is hoted that wind on insulator strings~has a small effect on design of supports.
Consgquently, it may be acceptable for mosttines to simplify the calculation of wind prg¢ssure
by conservatively adopting the same pressure as the one applied to supports.

6.2.10.4 Wind loads on supports
6.2.10.4.1 General

Wind loads on the supports consist of the wind loads transmitted by conductors and insdlators
as well as the wind loadsracting on the support itself.

The mpethod of determination of wind loadings on the support itself is only given in this
standard for the{most common types of supports, i.e. lattice towers and towers with cylipdrical
elements. This_method can, however, be applied to other types of supports.

During detailed design of supports, an iterative process is required in order to compute¢
|OadS vam PO ST o iS aHe O A€ at Aa he—p+oet eHEa A A } SARRR;
after completion of the support detailed design.

6.2.10.4.2 Lattice towers of rectangular cross-section

Two methods are proposed for calculating loads on lattice towers. The first method is based
on a ‘panel’ concept where the same pressure is applied to the windward face of the panel
based on its calculated solidity ratio, and the second method is based on wind pressure being
applied individually to all tower members taking into account the angle of incidence of wind
with the normal to the tower.
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Method 1: wind on panels

In order to determine the effect of the wind on the lattice tower itself, the latter is divided into
different panels. Panel heights are normally taken between the intersections of the legs and
bracing and typically having a height of 10 m to 15 m.

For a lattice tower of square/rectangular cross-section, the wind loading 4; (in N), in the
direction of the wind, applied at the centre of gravity of this panel, made up of various support
members, is equal to:

where

Gy

NOTE
be negl

4. =a. (1 202sin22N(S.. C .. cos2 0. 8. C sin2 A\ G
T 1 \ 4 7 \ET0 XU1 | V4 XUZ 7 t

(16)

-
- xt2

The projections of the bracing elements of the adjacent faces and of the diaphragm bracing memb
ected when determining the projected surface area of a face.

U

is the dynamic reference wind pressure Pa (N/m2), see Formula (13);

is the angle of incidence of the wind direction with the perpendicular to fag
the panel in a horizontal plane (Figure 7);

is the total surface area projected normally on face 1 of the lpanel (m?2);

is the total surface area projected normally on face 2(of-the-suppertmemk
face-2 of the-same panel (m?2).

are the drag coefficients peculiar to faces 1 and*2 for a wind perpendic
each face. C,i1 , Cyo are given in Figure 8 farypanels of the tower where
some of the members exposed have planéssurfaces, and in Figure 9 wh
support members have a circular section;

is the solidity ratio of a panel equal to.the projected area of members divig
the total panel area. The solidity ratio”y of one face is the ratio between th
surface of the support membgrs (S;4 or S;,), defined above, an
circumscribed area of the face, of the considered panel,

is the combined wind factorifor the supports given in Figure 6. The height
ground is measured at thé“centre of gravity of the panel.
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Figure 7 — Definition' of the angle of incidence of wind
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Figure 8 — Drag coefficient C,; for lattice supports made of flat sided members
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Figure 9 — Drag coefficient C,, for lattice supports made of rounded memberg

NOTE {1 The formulas for Figures 8 and 9 are given in Annex B.

Method 2: Wind on all tower members

In thig method, the wind force on each member is calculated Wadependently (neglecting
shield|ng) based on the geometrical relationship between the wind/elocity vector and tHe axis
of thelmember. The force is in the plane formed by the wind ‘velocity vector and the mpmber
axis, fnd it is perpendicular to the member. The wind forsce in N is calculated usipg the
formula below.

A; = qg Cyy G Spsin? Q (17)

qo is|the dynamic reference wind pressure\Pa (N/m2), see Formula (13);
S; is|the surface of the flat member exposed to wind (m2);

Cyt is|the drag coefficients peculiarto a flat surface if the tower members are made of steel
apgles. In such a case, C,; can-be considered equal to 1,6. In the case of tower members
r{ade of round tubes, C,~ban be considered equal to 1,0. In both cases, the shielding is
ne¢glected and this load.is-€alculated on all tower members;

NOTE 2 This method will preWjde conservative results compared to Method 1, but is a logical way of takjng into
accoun{ the complexity of,a mere accurate calculation of wind effects of supports.

G, is|the combined, wind factor for the supports given in Figure 6. The height above ¢round
islmeasuredjat the centre of gravity of the member;
Q is| the angte between the wind direction and the tower steel member. This arlgle is

tHemiember axis in the plane formed by the wind velocity vector and the member ax|is.

CrTICUIated from the 3-d geometry, between the direction of the wind velocity vectpr and

This method is particularly suitable for software implementation.

6.2.10.4.3 Supports with cylindrical members having a large diameter (d;. > 0,2 m)

For such supports the effect of the wind loading (in N) in the direction of the wind, on each
member [, long, applied at the centre of gravity of the member, is equal to:

AtC = qo CXt Gt dtC Ze Sin3 o' (18)

where
o is the angle formed by the direction of the wind and the cylinder axis;
di. is the diameter of the cylinder (m);

/ is the length of the member (m);

e
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G, is the combined wind factor, a function of the terrain category and the height % of the
centre of gravity of the member above the ground (Figure 6);

C is the drag coefficient for a wind perpendicular to the axis of the cylinder. The value of

xe C,c depends on the Reynolds number Re corresponding to the gust speed at this
height, and on the roughness of the cylinder. An acceptable simplification is to consider
the most unfavourable case of a rough cylinder. The value of Cy,. is given in Figure 10
in terms of Re that corresponds to the reference wind speed Vg at this height—+# z |
(corrections with height are described in Formula (8)) and is given by:
d, xV; die XV
Re=——2 Re = ——F (19)
Vv 14
% s the kinetic air viscosity (v= 1,45 x 10~® m2/s at 15 °C)
g y
© 14
1,3
1,2 ®
1,1 X
1,0
0,9 A
0,8 =
0,7 =
0,6
0,5 >
1,05 1,08 1,07
Reynolds number (Re)

IEC

Fijgure 10 — Drag coefficient C .. of eylindrical elements having a large diameté¢r

xtc
In the|case of wood pole, it is acceptable to simplify the wind load calculation on the pdgles by

adopting a C, value equal to 1. This simplification is due to the fact that the height off wood
poles |s generally limited and de€s*not warrant a precise calculation of wind on the pole |itself.

In the|case of structures (steel poles and frames) made of polygonal cross section, the yalues
of C, ¢an be found in Tabte 7:

Table 7 — Drag coefficient of polygonal pole sections

Member shape Drag coefficient, C,
16-sided polygonal 0,9
12-sided polygonal 1,0
8-sided polygonal 1,4
6-sided polygonal 1,4
Square, rectangle 2,0

6.2.10.4.4 Lattice towers of triangular cross-section

Formula (16) can be used, except that the drag coefficient Cy; shall be calculated from Table
8 as a function of the solidity ratio .
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Table 8 — Drag coefficient of structures having a triangular section

Solidity ratio, y Drag coefficient C,, for triangular-section structures
<0,025 3,6
0,025 to 0,44 3,7t0 4,5y
0,45 to 0,69 1,7
0,70 to 1,00 1,0+y

Above Table 7 and Table 8 are taken from ASCE 74, 2006 draft.
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6.3.2

Climatic loads, ice without wind

Description

nents such as freezing rain, in-cloud-icing, wet snow, etc. (see desgription in Ann
fandard covers two main types of icing: precipitation icing and in-cloud icing.

may be treated separately, with separate distributions to” provide the basis f
load. If a difference between the design loads for the. two types of ice is appare

ences.

as a basis for the wind and ice combined’loadings given in 6.4 as well as non-u
nditions described in 6.3.6.4.

Ice data

hds consist of all combinations of frozen water that adheres to dransmission lines

lex C).

intains or regions where both types of icing may occur, the different data for the two

br the
nt, the

mportant may be ignored, and the more important may take care of conbined

gh significant loadings due to the presencelof ice also involve some wind durirlg and
n icing event, ice only is first considered heere to establish reference conditions tHat will

hiform

Ice load is a random variable that.is usually expressed either as a weight per unit length of

condu
wires.
the ty
conve
of 0,9

where

pe of accretion as indicated in Figure C.1. However, for ease of calculations, the
ted to an equivalent radial ice thickness (¢) around conductors with a relative de
Formula (20) expresses the relation between g and ¢:

2=9,82x 1073 5t (d+ t/1000)

g is

he‘ice weight per unit length (N/m);

ctor ¢ (N/m), or as a uniferm radial thickness ¢ (mm) around conductors and ground
In real conditions, ice‘accretion is random in both shape and density and depends on

5e are
nsity 6

(20)

& is the ice density (kg/m3);

t is the radial ice thickness, assumed uniform around the conductor (mm);

d is the conductor diameter (m).

For an ice density 6 = 900 kg/m3, Formula (20) becomes:

When

¢ =27,7¢(d + t/1 000)

both t and d are expressed in mm and & = 900 kg/m3, Formula (20) becomes:

g=0,0277 ¢t (t+d)

(21)
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with g in N/m.

Ice load should ideally be deduced from measurements taken from conductors and locations
representative of the line. These measurement techniques are described in IEC 61774. Ice
accretion models can also supplement direct ice data measurement, but require appropriate
validation with real data.

A very important factor with ice accretion is the effect of the terrain. It is usually rather difficult
to transfer knowledge acquired from one site to another because the terrain strongly
influences the icing mechanism.

For dgsign purposes, icing data from measuring stations near or identical to the line site are
ideally required. Very often, this will not be the case and service experience with™existing
installgtions will provide additional input.

Ice acpretion on structures should be considered (refer to C.9.2 for a suggested method]).

NOTE |[It is noted that weight of ice on lattice steel structures can be quite significant-and. can reach or exceed the
weight pf the structure itself in case of radial ice thickness greater than 30 mm to~40 mm. Furthermore, icing on
towers plso increase the exposed area to wind, hence, loads due to wind on ice coyered towers.

6.3.3 Evaluation of yearly maximum ice load by means of-meteorological data
analysis

Sufficient data for using the statistical approach in this standard may be obtained by mepns of
an anglysis of available standard weather or-climatetggical climatic data over a period| of 20
years [or more, combined with at least five years of ice observation on the transmissign line
sites. For cases where years of icing data is lessaxthan 20, an approximate method is given in
6.3.4.

If a refiable ice accretion model is available to estimate values for yearly maximum ice|loads
during a certain number of years, this_model can be used to generate ice data which yill be
used }n the statistical analysis. Information about the line site which is necessary to validate

and adjust the predicting model may*be taken from past experience with existing transnfission
or distribution lines, from field observations or from the effect of icing on vegetation.

Such g predicting model €an be rather simple or become sophisticated, depending on icing
severity, terrain, local weather, number or types of ice data collecting sites.

6.3.4 Referencelimit ice load

6.3.4. Based on statistical data

The reference design ice load gg, or tg if ice thickness is chosen as the ice variable, dre the
referepeé”limit ice loads corresponding to the selected return period T (function pf the
reliability level of the line). The gg or g values can be directly obtained from the statistical
analysis of data obtained either from direct measurements, icing models, or appropriate
combinations of both.

NOTE 1 The figures and formulas given in this subclause are based on gg (N/m) being the ice variable. However,
Formula (20) can be used to convert from g to #; if the latter is chosen as the ice variable.

If records of yearly maximum ice loads g, during a period of at least 10 years are available,

the mean value g, is derived from the records of the yearly maximum ice load gn; the

standard deviation e is calculated or estimated according to Table 9.
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Table 9 — Statistical parameters of ice loads

Number of years with observation Mean value Standard deviation
" —
gm %
=20 g Gg@ﬁli}
Only maximum icing value gq, 4y of - B -
yearly maximum ice loads g, is known | &m~ 0,45 grnax g~ 05 gy
10<n2<20 g m 0,5g§ag£0,7gm
If datg is measured (or model simulated) on conductor diameters and heights typical [of the

line, there will not be any further adjustment to this value. However, if data is measured

assun
multip
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Ky is g

For bd

ed reference height of 10 m on a 30 mm conductor diameter, gg should.be adjus
ying it with a diameter factor Ky and a height factor X, applicable.fo,the actu
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iven in Figure 11.
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Figure 11 —Factor K related to the conductor diameter
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Figure 12 — Factor K,, related to the conductor height

As a gimplification, it is suggested that the value gg be the same for phase conductofs and
ground wires in the same span, but there is growing evidence that the higher ground wine may
accumnulate more ice for some types of ice accretion. For variation of-in-cloud icing acgretion
with height, refer to the note in C.9.1.

NOTE 2 Some recent studies suggest that bundled conductors may collectAess wet snow or in-cloud ife than
single gqonductors due to the difference in torsional behaviour. This matter’s currently under investigation.

NOTE 3 As regards wet snow, the thickness of icing may be considered the same on conductors and earfh-wires
unless g$ervice experience indicates otherwise.

6.3.4.2 Based on service experience

Wherg icing data or reliable ice accretion maodéls are not available, the only alternative is to
rely on service experience based on actual,ice loads observed on the conductors or deduced
from fgilure events. In both cases, neithgr‘the return period of the ice loads, nor the Igvel of
reliabijity will be known.

6.3.5 | Temperature during icing

The default temperature to be-considered with ice conditions shall be -5 °C, except for|cases
of incloud icing where the, temperature can be in the range of —20 to -5 °C or wherg icing
records confirm that lowertemperatures occur during icing persistence on conductors.

6.3.6 Loads on.support
6.3.6. General

Three|different icing conditions on the conductors shall be considered when determinipg the
loads |onvthe support without wind. These are considered to be the most significgnt for
torsional and flexural loads of supports and encompass the majority of the icing conditions
that are likely to occur:

e uniform ice formation: weight condition;
e non-uniform ice formation: longitudinal and transverse bending condition;

e non-uniform ice formation: torsion condition.

Note that ice loading conditions combined with wind are considered in 6.4 and are considered
important for transverse loads on supports.

6.3.6.2 Loading cases description

In the description of the different loading conditions, the values of the ice loads are given as
functions of the reference design ice load ggr. It is important to be aware of the fact that gg
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may vary from one span to another in a section of a line, due to local terrain effects, giving
non-uniform situations. The aim is to propose conventional loading conditions for the purpose
of calculating-cenductortensions support loads which are typical for known occurrences of ice
loading.

When computing loads on a support from conductors, the effects of the swing of the insulator
set, deflection or rotation of the support and/or foundations and the interaction with other
conductors shall be considered. Sometimes, simplifying assumptions or load cases can be
used if these result in conservative load cases.

Ice may not accumulate or shed uniformly from adjacent spans. A non-uniform ice formation is
define i f i f f ically
three $pans or more on one side of the support, whilst on the other spans in the clause\the ice
ced to a certain percentage of that value.

NOTE |Unbalanced ice loads due to unequal accretion or ice shedding will invariably occur~during icing |events.
Statisti¢s of unbalanced ice loads are not usually available; however, the recommendationsgiven in this sfandard
should pe sufficient to simulate typical unbalanced ice loads that occur in such conditions¢

6.3.6.3 Uniform ice formation — Maximum weight condition

The maximum uniform ice loading on the conductors is assumed(to occur, when the confductor
ice loading is equivalent to the reference limit ice load (gg)..The overload per unit lerngth is
gr (N/m), and the total conductor load per unit length =% + ggr (w is the unit weight of
condugtors in N/m).

6.3.6.4 Non-uniform ice-fermation conditions.on phase conductors and ground jwires

Uneqyal ice accumulations or shedding in adjacent spans will induce critical out-of-balance
longitydinal loads on the supports. Unbalanced ice loads can occur either during ice
accretron, e.g. in-cloud icing with significant changes in elevation or exposure, or duripg ice
sheddjng.

Sugggsted configurations of non-tniform icing conditions are described in Table [0 for
support types shown in Figure 13-

a —4—d
X v b e
c —— f
a b c
IEC IEC
a) Single circuit support b) Double circuit support

Figure 13 — Typical support types

NOTE For multi-circuit lines, the number of phases subject to non-uniform ice can be different, but not less than
that given for double circuit lines.
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Table 10 — Non-uniform ice loading conditions

Longitudinal bending Transverse bending Torsional condition
Type of condition condition
supports
Left span Right span Left span Right span Left span Right span
Single circuit | xyabc XYABC xYabC xYabC XYabC XYABC
Double circuit | xabcdef XABCDEF XabcDEF XabcDEF XabcDEF XABCDEF

NOTE

In this table, the letters A, B, C, D, E, F, X, Y represent conductors and spans loaded with 0,7 gr

the letters a, b, c, d, e, f, x, y represent conductors and spans loaded with 0,4 x 0,7 gg. Factors 0,7 and 0,4 are
suggested and other values can be used as substantiated by experience.
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Climatic loads, combined wind and ice loadings
General

bmbined wind and ice loadings treated ifi’this subclause relate to wind on ice-cq
ctors. Wind on ice-covered supports and insulator strings can, if necessary, be t
Mmilar way with special attention to dfag coefficients.

Combined probabilities =<Principle proposed
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Ccurs-in-presence with'icing, ice weight and ice shape (effect of drag coefficient
results in both-transyersal transverse and vertical loads.
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Assuming that maximum loads are most likely to be related to combinations involving at least
one maximum value of a variable (either of wind speed, ice weight or ice shape), a simplified
method is proposed: a low probability-high value (index L) of a variable is combined with high
probability-low values (index H) of the other two variables, as is shown in Table 11. This
simplification is equivalent to associating one variable (e.g. ice load) having a return period T
with the average of yearly values of all the other variables related to this loading case, such
as wind during icing or the drag coefficient.
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Table 11 — Return period of combined ice and wind load
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Reliability Return Return period of the variable having a low| Return period of remaining variables
level period T probability of occurrence (index L) (index H)
years
1 50 50 Average of yearly maximum values
2 150 150 Average of yearly maximum values
3 500 500 Average of yearly maximum values

The density of ice varies with the type of icing and it is recommended that low density ice be
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hed with the high probability drag coefficient and vice-versa.

y, the combination of a low probability drag coefficient (highest value of G; ,

However, if previous service experience or calculation confirmsJothat this
hation can be critical, it should be considered for design purposes.

quently, two loading combinations will be considered in-\this standard: Lo
ility (return period 7) associated with the average of yearly-maXimum winds durin

yearly maximum icing. Details about these two loading.caSes are given in 6.4.7.2.

w probability (reference values) of ice or wind has\already been dealt with separ
bvious paragraphs. These should correspond to’the return period T selected for
5es.

egard to wind, it is important to note .that' wind data to be considered is when ig
t on conductors. Such data-is may net Usually be available and it is generally acq
uce it from the yearly wind statistics;

Determination of ice load

yo main types, precipitation and in-cloud icing, require a separate determination
um ice load associated*with wind.

e is almost no data on combined wind and ice, it can be assumed that g = gg an
r- If combined_wind and ice data are available, statistical methods can be u
te values for.combined variables corresponding to the selected return period T or
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cfautttemperature to beconsidered for combimed windamd-ice comditions—strattbe -5 °C

for all types of icing, except for in-cloud icing where the temperature can be in the range of
—20 to =5 °C. In both above cases, the default value can be replaced by data, if available.

6.4.5

6.4.5.1

Determination of wind speed associated with icing conditions

Freezing rain (precipitation icing)

Wind velocities associated with icing episodes can be calculated from data, if available or,
when there is little or no data, from the following assumptions. In the latter case, the
reference wind speed is multiplied by a reduction factor B; as indicated below:

ViL=Bix VR

(22)
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where B; = (0,60 to 0,85). This range of B, is assumed to correspond to the reference wind
speed (T = 50, 150 or 500 years) during icing persistence on conductors.

ViH = B; x VR (23)

where B; = (0,4 to 0,5). This range of B, is assumed to correspond to the average of yearly
maximum wind speed during icing persistence on the conductors.

The given range of values in the above formulas represents typical values of wind speed
during icing periods and takes into account the relative rarity of maximum wind speed during
icing perieds-

When|combined data are available, the process described for wind or ice loading €an’b¢ used
to selgct a value corresponding to a return period T for each of the expected typés of icing.

When| wind speed data is not strictly correlated with icing, one should determirle the
assoclated maximum wind speed by using the yearly maximum wind speed recorded Huring
freezipg precipitation and the following period whilst the air temperatune remains beloy 0 °C
(suggested maximum period 72 h).

6.4.5.2 Wet snow (precipitation icing)

Based on both local meteorological conditions and experience, the reduction in thg wind
speed| (Vg) can be determined in a similar manner t¢ that described for freezing rain (see
6.4.5.1). In the absence of specific experience or“data, it is suggested to use the[same
reduction factors as for freezing rain.

6.4.5.3 Dry snow (precipitation icing)

In the|absence of any specific data for dry,snow, the same values stated for wet snow nmay be
used.

6.4.5.4 Hard rime (in-cloud icing)

In cerfain areas, hill tops, for‘example, the maximum rime ice accretion on the conductors
usually occurs with the maximum wind speed associated with in-cloud icing. However, irl other
areas the maximum ice accretion usually occurs under relative-toad low wind speeds.

Basic |meteorologdical and terrain information should be used to evaluate the probabllity of
severeg in-cloud.icing along the line route, and the corresponding data should be introduced in
the cajculations? Otherwise, the values given for freezing rain may be used.

6.4.6 Drag coefficients of ice-covered conductors

Wherever possible, drag coefficients for ice covered conductors should be based on actual
measured values. In the absence of this data, the effective drag coefficients and ice densities
are given in Table 12. In the absence of reliable field observations and data, the upper values
of ice densities in Table 12 shall be used.

Table 12 — Drag coefficients of ice-covered conductors

(Precipitation) (In-cloud) (In-cloud) (Precipitation)
Wet show Soft rime Hard rime Glaze ice
Effective drag coefficient Cjy 1,0 1,2 1,1 1,0

Associated ice density & (kg/m3) 300 to 600 300 to 600 600 to 900 900
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The effective drag coefficient is a multiplying factor on the assumed cylindrical shape for the
specified ice volume (see Table 14). There is evidence to support the increase in the drag
coefficient for ice covered conductors for two reasons: the first due to the effect of the
equivalent diameter and the second due to the ice shape itself as opposed to the round and
smooth cylinder.

NOTE The uniform thickness of ice around the conductor corresponds to the minimum overall diameter, i.e. the
most compact projected area.

It is assumed that the value of Cj is the same for the ice coverings related to 7 = 50, 150, and
500 years.

Wind direction
—_—

IEC

Figure 14 — Equivalent cylindrical shape, of'ice deposit

6.4.7 Determination of loads on supports

6.4.7. Unit action of the wind on the ice-covered conductors

With reference to 6.2.6, the characteristic valoe (a) of the unit wind action on ice cqvered
condu}:tors with the wind blowing horizontally ‘and perpendicular to the line is given by the
formula:

a=q0 Ci GC GL (24)
k22 or _ 1 k202 Pa (N/m?
q0L =7 ARV 90H=7 #KRrViy Pa (N/m?)

dependent on the loading condition, and with appropriate Cj = Cj__erCiu (see Table [C.4 in
Annex C);

Ge s the cambined wind factor of conductors as defined in 6.2.10.1;
G_ s thé span factor as defined in 6.2.10.1;

T s\the density correction factor given in 6.2.9.

6.4.7.2 Loads on supports

Two combined wind and ice loading conditions should be considered with their coincident
vertical loading.

The load (4;) in N due to the effect of the wind upon a wind span L, applied at the support and
blowing at an angle £ with the conductors, is given by the following expression, using g of
Formula (13).

NOTE 1 The wind span L of a support is equal to half the sum of the length of adjacent spans.

- in2
A= 99 C, G, G D L sin“Q2
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For the two recommended loading conditions, the wind force on ice-covered conductors shall

be:

e Condition C1 (highest value of ice load to be combined with average of yearly maximum
wind speed during ice persistence):

AC1=q0H CiH GC GL DL L Sin2.Q

With D = (d2 + 4g, /9,8275)%:

e Condition C2 (highest value of wind speed during ice persistence to be combined with
average of yearly maximum ice load):

(25)

With Dy, = (d2 + 4g,4/9,827.5)0:5
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Ay = g Ciy G G| Dy L sin2Q

In Annex C, Table C.4, there is a third combination called C3 that is mentioned buf the above-th
ns were found, in general, to be most critical. Should the 3rd conditions be (required, the info
bd in Annex C may be used.

(26)

bse two
rmation

above formulas, D\, Dy are diameters (m) of the equivalentceylindrical shapes for the

Df ice being considered.

gn is the ice load (N/m) corresponding respectively to low and high probabili
occurrence;

is the highest density for type of ice being considered (kg/m3);
is the angle between wind directionand the conductor.

support members are critical for lower conductor vertical loads at the support
of reduced vertical loads and -the" presence of aerodynamic lift forces shol
ered. It is suggested that the liftforce per unit length is not likely to exceed 50 %
brce per unit length of ice covered conductors.

Loads for construction and maintenance (safety loads)
General

uction and mainténance operations are the occasions when failure of a line comy

ies of ‘

s, the
Id be
of the

onent

t likely to cause injury or loss of life. These operations should be regulated to eliminate

pssary anditemporary loads which would otherwise demand expensive reinforcing
rts, espécially in ice-free areas.

akregulations and/or codes of practice generally provide minimum safety rule

of all

s and

requir

cHoH oo ot

In addition, construction and maintenance loading cases will be established in this standard
as recommended hereafter. The system stress under these loadings shall not exceed the
damage limit, and the strength of the supports shall be verified either by testing (see
IEC 60652) or by reliable calculation methods.

6.5.2

The strength of all lifting points and of all components shall be verified-fer-atleasttwice using
a load factor y of 2,0 to be applied to the static loads produced by the proposed erection
method. This factor—ef can be reduced to 1,5-can-be-used if the operations are carefully
controlled. As regard the strength factor of components, the respective values in Tables 18 to

Erection of supports

21 corresponding to damage limits of components shall apply.
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6.5.3 Construction stringing and sagging
6.5.3.1 Conductor tensions

The tensions shall be calculated at the minimum temperature allowed for stringing and
sagging operations. It is recommended that in the calculation of loads on the structures,
conductor tensions of at least twice the sagging tensions be used for conductors being moved
and 1,5 times for all conductors in place.

6.5.3.2 Vertical loads

The extra load applied to the supports shall be calculated from the vertical exit angles of the
conduftor, with the conductor tensions given in 6.5.3.1. The loading shall be applied |to the
conduftor attachment points or conductor stringing points (if different), and shall consifer all
possiljle conductor stringing sequences in any combination of load and no load at thé sgveral
support points that represent the conductor stringing sequence.

6.5.3.3 Transverse loads

Angle{structures supports shall be capable of resisting the transversetloads produced py the
condugtor tensions given in 6.5.3.1.

Althodugh light winds can occur during construction and maintenance, their effect is neglected
for thgse calculations.

6.5.3.4 Longitudinal (and vertical) loads on temporary dead-end supports
a) Longitudinal loads

Supports used as dead-ends during stringing and sagging shall be capable of resisting
longitudinal loads resulting from the sagging tensions given in 6.5.3.1 in any combination
of [load and no load at the several support points that represent the conductor sthiinging
sefjuences.

b) Vgrtical loads

If lsuch—struetures supports Jare reinforced by temporary guys to obtain the repuired
longitudinal strength, these\guys will increase the vertical loads at the attachment |points
anfd shall be adequately, pre-stressed if attached to a rigid-tewer support. It will thgrefore
be| necessary to check the tension in the guys and take account of the vertical|loads
applied to the attachment points.

NOTE |Pre-stressing of _gUys is required because of differences in deformation of guys versus lattice cfossarm
when beth are subjected to load.

6.5.3.5 Longitudinal loads on suspension supports

While |the’ conductor is in the stringing sheaves, a longitudinal load shall be applied fo the
supports:_This load is equal in value to the unit weight of the phase conductor w [N/m),
multiplied by the difference in elevation of the low points of adjacent spans (m). This load
(in N) will be negligible and much less than the containment loads derived in 6.6.3 except for
unusual spans, where it shall be verified that the-structure support can resist at least twice
this load.

In operations such as conductor tie-downs, loads are applied at all conductor points and shall
be taken into account.

6.5.4 Maintenance loads

All conductor support points shall be able to resist at least twice the bare conductor vertical
loads at sagging tensions.
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Temporary lift or tension points, close to the normal attachment points of conductors and used
for maintenance or live line operations, shall also be able to resist at least twice the bare
conductor loads at sagging tensions.

A factor of 1,5 instead of 2 for the above loads can be used if the operations are carefully
controlled.

Those responsible for maintenance shall specify lifting arrangements which will not overstress
the-structure support.

All structural members that may be required to support a lineman shall, by calculation, be able
to sugport a 1 500 N load, applied vertically at their midpoint, conventionally combineld with
the stiesses present during maintenance. These are usually based on still air at the mifimum
tempefature assumed for maintenance operations.

6.6 |Loads for failure containment (security requirements)
6.6.1 General

The opjective of security measures is to minimize the probability af<uhcontrolled propagation
of faillires (cascades) which might otherwise extend well beyond the failed section, whpatever
the extent of the initial failure.

The s¢curity measures detailed below provide for minimydm Security requirements and a|list of
options which may be used whenever higher security js.justified.

The Ipads prescribed in 6.6.3 provide conventional lattice structures with the means of
minim|zing the probability of cascade failures. These requirements are derived| from
experirnce on conventional lattice structures;.but should also be applicable to other types of
structlires. Service experience using different types of structures or materials could dic{ate or
requirg different or additional precautionsdthat can be substituted to the above requiremegnts.

The system stress under these loads shall not exceed the failure limit of its comp¢nents
descriped in 7.3.1.

6.6.2 Security requirements

Unless$ special limiting\devices are used, the loadings specified in 6.6.3 shall be consjdered
as minimum requirements applicable for most transmission lines.

In cases where increased security is justified or required (for example on-very importan{ lines,
river grossifngs or lines subjected to-maximum significant ice loads), additional measures or
loadings/can be used according to local practice and past experience. A list of such measures
appearsin 6.6.3.3. T

It is noted that the security requirements described in the following clauses may not be
effective in preventing cascading failures when a failure occurs in a long stretch of the line
already loaded near to, or above, its limit. In such cases, a large number of towers located in
this area may fail despite the presence of anti-cascading towers.

6.6.3 Security related loads — Torsional, longitudinal and additional security
measures

6.6.3.1 Torsional load

At any one ground wire or phase conductor attachment point the relevant, if any, residual
static load (RSL) resulting from the release of the tension of a whole phase conductor or of a
ground wire in an adjacent span shall be applied. This RSL shall be considered at sagging
temperatures without any wind or ice loads.
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The RSL for suspension structures shall be calculated for average spans and at sagging
tensions, allowance being made for the relaxation of the load resulting from any swing of the
insulator strings assemblies, deflection or rotation of the structure, foundations, articulated
crossarms or articulated supports, and the interaction with other phases conductors or wires

that m

ay influence this load.

The value of the RSL may be limited by special devices (slipping clamps, for example), in

which

case the minimum security requirements should be adjusted accordingly.

Coincident bare conductor loads at sagging tensions shall be applied at all other attachments

points

6.6.3.

Longi
equal
directi
condu

bare qonductors at sagging tension, and any appropriate relaxation_effetts, as mentio
6.6.3.1, shall be considered. See Table 15.
An alfernative proposal would be to consider about 50 % of{the sagging tension af
attachment point.

/\ Conductor with an overload equal

Bare conductor to its unit weight
......... IEC
Figure 15 — Simulated longitudinal conductor load
(case of a single circuit support)

6.6.3.3 Additional security measures

The d
Table

Longitudinal loads

dinal loads shall be applied simultaneously at all attachment points. “They sh
to the unbalanced loads produced by the tension of bare conductors in~all spans
pn from the structure and with a fictitious overload equal to thef weight, w,

bsignér-can increase the line security by adopting some of the requirements lis
13

all be
n one
pf the

ctors in all spans in the other direction. Average spans shall be\©€onsidered with the

hed in

each

ted in
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Table 13 — Additional security measures

Description of additional security measures Comment
Increase the RSL by a factor of 1,5 to 1,8 at any one Lines where higher security is justified. This
point requirement will increase the probability of a

broken conductor

suspension support to resist the dynamic load due to a

Increase the number of torsional/flexural load points to

either two phases or two ground wires where the circuit lines

residual static load (RSL) is applied

Advisablefor This option may apply to double or multi-

Calculate the RSL for tensions higher than the every Advisable for angle-structures supports or lines
day load by using wind or ice load corresponding to a 3 | subjected to severe climatic (icing) conditions

year r

wrn period in conjunction with this foading case

Inserti
typical
suppo
with s|

bn of anti-cascading-tewers support at intervals, | To be considered for important lines in-heawy icin
y every tenth-tewer support. These-tewers areas

ts shall be designed for all broken conductors
bjected to limit ice and/or wind loads

7 Strength of components and limit states
7.1 |[General
The purpose of this clause is to define limit states of lineycomponents strengths ang their ‘
commpn statistical parameters.
When|subjected to increasing loads, line components may exhibit a permanent deformaLion at
some [load level, particularly if the failure mode i§-ductile. This level is called the damage or
servicgability limit state. If the load is further inc¢reased, failure (or rupture) of the component
occurg at a level called the failure or ultimate\limit state.
The transmission line is considered infact when its components are used at stresses |below
their damage limit. It is considered.in’a damaged state if its components have exceeded their
damage limit state, but without exceéded any of the component’s failure limit. Finally the line
is conpidered to have failed if\its’components have reached their failure limit. The grgphical
interpfetation is shown on Figure 16.
State ¢f the system Intact state Damage state Failure state |
Strength limit of Damage Failure
components . .

limit Limit

(serviceability (ultimate

limit state) limit state)

IEC
Figure 16 — Diagram of limit states of line components

7.2 General-equations formulas for the strength of components
7.21 General

With reference to Formulas (5) and (6):

During design, each component shall satisfy load and strength requirements for reliability,
security and safety conditions. In practice, two sets of formulas (reliability and safety)
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determine the damage characteristic strength that components are required to meet, and a
third set of formulas (security) determines the failure characteristic strength that components
are required to meet. In these formulas, the reliability conditions-shall are normally expected
to be the governing condition for the main components.

7.2.2  Values of strength factor @y

Whenever a number N of components are expected to be subjected to the same-eritical limit
load Q7 during a single occurrence of a climatic event, the characteristic strength of individual
components shall be de-rated (multiplied) by a strength factor @y, This factor depends on N
and on characteristics of the strength distribution function (type and coefficient of variation vg)
of strength R

In the|absence of specific experience, the number N of supports subjected to the 'maximum
load intensity during a single occurrence of climatic events can be derived fromTable 14.

Table 14 — Number of supports subjected to maximum load intensity
during any single occurrence of a climatic event

Loading Flat to rolling terrain Mountains
Maximum gust wind 1(1to5) 1\(Vto 2)
Maximum ice 20(10-t0-50) 10 (5 to 50) 2 (1to 10)
Maximum ice and wind 1(1to5) 1(1tob)
NOTE| Values in brackets represent the typical range of supports based on a span of 400 m.

The number of components other than supporis can be directly derived from the numlper of
supports thus selected.

Value$ of @y are given in Table 15 _and are based on a normal distribution function. |In the
same |table, the values within bratkets are based on the log-normal distribution fupction.
Value$ derived from other distribution functions can be used if more representative of the
strength of the component being'designed.

In the|case of high values.'of vg and N (see the shaded cells with italic figures in Table 15),
the value of @, is very.sensitive to the choice of the distribution function. Thus, engingering
judgement and strength test results should be used in the selection of the apprqpriate
distribution function:'In Table 15 the values outside the shaded area are conservatively|taken
from the normal‘distribution curve. Should the strength distribution curve be known,-Afnrex-A
CIGRI Technical Brochure 178 can be used to provide the specific values for the normpl and
log-ngrmal_distributions.

Practically, the lower value of @y can be considered equal to 0,70 for most cases of N and
COV of strength, while values from 0,95 to 1,0 can be used for weather events of limited
spatial extent.
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Table 15 — Strength factor @, related to the number N of components
or elements subjected to the critical load intensity

Coefficient of variation of strength v,

N 0,05 0,075 0,10 0,15 0,20 0,25 0,30

1 1,00 1,00 1,00 1,00 1,00 1,00 1,00

2 0,98 0,98 0,97 0,94 0,91 0,87 0,84

5 0,96 0,94 0,92 0,85 0,80 0,72 (0,83) 0,64 (0,80)
10 0,94 0,92 0,89 0,81 0,72 (0,82) 0,62 (0,77) 0,51 (0,73)
20 0,93 0,90 0,85 0.77 (0.83) 0.66 (0.77) 0.53 (0.73) 0.38 (0,68)
40 0,92 0,87 0,83 0,72 (0,80) 0,59 (0,74) 0,44 (0,69) O,QA 0,64)
80 0,91 0,86 0,79 (0,84) 0,68 (0,77) 0,53 (0,71) 0,36 (0,65) Q}% 0,60)
160 0,90 0,85 0,79 (0,83) 0,67 (0,76) 0,52 (0,69) 0,34 (0,6,2(\ 0,13 (0,57)

The ude of the shaded cells with italic figures is explained in 7.2.2.

7.

Transmission line components have different strength variations”and responses to 1o

2.3

When

excee

In ord
conse

a)

If linelcompenents such as suspension supports, tension supports, conductors, found
and insulator strings are analysed using the above criteria, it can be concluded that:

General basis for strength coordination

s strength in any component.

hsus within the overhead line industry:

ading.
subjected to given loads, failure of components in series could occur whenever load

er to decide on an appropriate strength coordination, the following criteria constltute a

THe first component to fail should be chqosén so as to introduce the least secondary load

effect (dynamic or static) on other components in order to minimize the probabilit

pr

Rgpair time and costs following a failure should be kept to a minimum.

bpagation of failure (cascading effect):

y of a

THe first component to fail should ideally have a ratio of the damage limit to the failure

lim
co|

le

st

conductors snou

mponents when the leasSt reliable one has a very large strength variation.

ength has‘tosbe well tuned with the component it is supposed to protect.

fittings because of d);

tension support because of a) and b);

an

d foundations because of b) and c).

it near 1,0. It should be mentioned that it might be difficult to co-ordinate the strength of

ow cost component.in:series with a high cost component should be designed tol be at
st as strong and-reliable as the major component if the consequences of failure pre as
sejvere as failurg” of that major component. An exception of this criterion is w
component is_purposely designed to act as a load limiting device. In such a ca

hen a
5e,

its

lations

The logical consequence of the considerations above is that the suspension supports should
constitute the component with the lowest strength. When a line designed according to this rule
is subjected to climatic loads exceeding design values the suspension supports would fail
first. Despite the adoption of the above criteria there could be situations where conductors
could fail because of its wires being severed during the collapse of a lattice support.

The above strength coordination can be applied to most lines. However there will be some
situations where different criteria could be used and thus lead to another sequence of failure.
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For example, special river crossing supports could be designed stronger than the conductors.
In avalanche areas and/or in areas where construction of supports is very difficult, the
conductor may also be chosen as the weakest component, provided that supports in this area
are designed for the longitudinal forces resulting from the failure of the conductors. Otherwise
the failure of conductors would very probably lead to the failure of adjacent supports. If a line
section is made of dead-end towers capable of withstanding full tension of broken conductors,
it is also possible in those cases to design conductors weaker than towers.

7.2.4

Strength factor @g related to the coordination of strength

It is often cost-effective and a desirable feature to design some components to be more

reliabl

than others in order to minimize the consequences (i.e. repair time, secondary f

ilure,

etc.) 0

In ord
the st
to the
compg
compq

f a possible failure due to climatic event.

er to achieve such strength coordination, a strength reduction factor @g5 is app
ength of components R, chosen to be more reliable while a factor @g4.=.1,0 is

nents and is given in Table 16. It is based on a confidence of 90y% that the
nent Ry will not fail before the first R,. Thus, 90 % is the confidepee level on the

sequence of failure.

Table 16 — Values of &g,

pplied
first component to fail. Factor @g5 depends on the coefficient of)variation clboth

ied to

cond
target

COV of R,
0,05 0,075 0,10 0,20
0,05t0 0,10 0,92 0,87 0,82 0,63
COp of Ry
0,10 to 0,40 0,94 0,89 0,86 0,66
NOTE( In this table, R, is the component designed mote reliable than R,.

Criterip for deciding on a preferred.'strength coordination are discussed in-Annex-A CIGRE
Technfical Brochure 178, and a usually accepted strength coordination is given in Taljle 17.
This fable provides first for-‘the strength coordination between major componenty and,
subsepuently, provides for a ‘subsequent coordination within the various elements of ajmajor
compgnent.
Table'\17 — Typical strength coordination of line components
Mai Coordination within majpr
ajor component *
components
Less reliable (first component likely | Suspension-tewer support Fower Support, foundations,
to fail fhen limit loads are interfaces
exceeded)

Tension-tewer support Fower Support, foundations,

interfaces

More reliable with 90 % confidence
(less likely to fail first when limits
loads are exceeded)

Dead-end-tewer support

Conductors**

Fower Support, foundations,
interfaces

Conductors, insulators, interfaces

*k

*  Within each major component, the underlined component is the least reliable with 90 % confidence.

With the strength limits specified in Table 20, conductors are usually the most reliable component of the line.

7.2.5

Methods for calculating strength coordination factors &g

In order to develop strength coordination factors &g in the above Table 16 leading to the
target strength coordination, two methods were considered:
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Use of different exclusion limits: For the weakest component, use Ilimit loads in
conjunction with 10 % exclusion limit (as suggested in this approach). The next weakest
components will be designed with a lower exclusion limit (say 1 % to 2 %), corresponding
to the same limit loads.

Design for a target confidence level in the strength coordination: Strength coordination
factors are established in such a way that the target strength coordination between two
components, as mentioned in Table 17, will be reached with a high level of confidence
(nearly 80 % to 90 %). However, due to the random nature of strength, it is theoretically
impossible to guarantee with 100 % confidence that the planned coordination of strength
will be met in all cases.

It is npted—-that-strongth—ceordinratior—wowldbo—difficui—androt-cost—efficiontifa—somponent
with a|large strength variation is chosen as the first component to fail. For example,.a$ seen
from Table 16, when vg4 = 0,20, the characteristic strength of the next strongest epmpgnents
would|have to be selected such that it would meet the limit loads when multiglied by|about

0,7.

Similafly, as seen from Table 16, it can be concluded that if suspension supports (usually vg =
0,05 fo 0,10) are designed as the weakest components, the charatteristic strength of
foundations (vg is usually from 0,10 to 0,30) has to be multiplied by-aJactor of 0,83 to 0{93. In

this

7.3

7.3.1 Limit states for line components

cgse, there is 90 % confidence that foundations will not fail before the supported tower.

Data related to the calculation of components

Tables 18 to 21 specify damage limits and failure litmits for line components with regard|to the
system. In the absence of relevant data, these Values constitute acceptable design limits. If
local data and national experience is availabley,it can be used to improve and compldte the

tabl

es
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Table 18 — Damage and failure limits of supports

Supports
Material Damage limit Failure limit
Type or elements Loading mode
Tension Yield (elastic) stress UItlmate (breaking)
tensile stress
All elements, Shear 90 % (elastic) shear stress Shear (breaking)
except guys stress
Lattice Compression Non-elastic deformation from //500 [ Collapse by instability
towersrl self- (buckling) to /100
suppofting L I 5 m M
or guygd owest value of: timate tensile ptress
— yield stress (70 % to 75 % UTS)
Steel guys Tension — deformation corresponding to
5 % reduction in tower strength
— need to readjust tension
1 % non-elastic deformationat-the |Local buckling if
top, or elastic deformatian that compression or
Moments . . . .
impairs clearances ultimate tensile $tress
Steel in tension
Compression Non elastic deformation from /500 [ Collapse by instpbility
(buckling) to //100
3 % noncelastic displacement at Ultimate tensile ptress
Moments the tap
Pol
oles Wood
Compression Norn-elastic deformation from //500 | Collapse by instpbility
(buckling) tor7//100
Crack opening after release of Collapse of the pole
Permanentor loads, or 0,5 % non-elastic
Concrete non- permanent | deformation
loads NOTE (The width of crack for
concrete poles to be agreed upon).
NOTE|1 The deformation of cempression elements is the maximum deflection from the line joining end points.
For elgments subjected to moments, it is the displacement of the free end from the vertical.
NOTER [is the free length of the element.
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Table 19 — Damage and failure limits of foundations

Foundations

Statically Damage limit Failure limit
Type Support type determinate
movement
v Need to readjust tension in
es
guys
Guyed
o .
No 5 % reduction in support Excessive out-of-plane
strength uplift movement (plane
Uplift ° ; formed by the other three
Yes lu (dilg.tree) rotation of the foundations) in the arder of
) i 5cmto 10 cm
Self-supporting Differential vertical
No displacement equal to ¥/300 to
Y/500 with a maximum of 2 cm
Displacement corresponding to (
Yes a 5 % reduction in the support | Excessjve out-of-plane
strength settlement (plane formed by
Compression | All types the other three foundtions)
Differential vertical (inthe order of 5 cm {o
No displacement equal to ¥/300 to-\[110 cm)
Y/500 with a maximum of 2.cm
Yes 2° (degree) rotation of the
support
Moments Poles - - Excessive rotation in the
(rotatigns) Rotation correspgnding to a order of 5° to 10°
No 10 % increasesinithe total

moment due’to e€ccentricity

NOTE[1 Takes into account the interaction between the support and its foundation.

NOTE |2 A statically determinate movement is one that’does not induce internal efforts in the structuge. For
example the displacement of one foundation of a three-legged support is a statically determinate movement,

while the displacement of a four-legged support is asstatically indeterminate movement.

NOTE 3 Y is the horizontal distance between<faundations.

NOTEK Some rigid foundations (e.g. pile) may require lower limits.

Table 20 — Damage and failure limits of conductors and ground wires

Confuctors and ground wires

Damage limit

Failure limit

All types

Lowest of:

— vibration limit*, or

— the infringement of critical
clearances defined by appropriate
regulations, or

Ultimate tensile stress (rupture

~

— 75 % of the characteristic
strength or rated tensile strength
(typical range in 70 % to 80 %)

A typical vibration limit is not to exceed a conductor parameter C (=H/w) = 2 000 m under initial unloaded
conditions for average temperature of the coldest month. (Refer to CIGRE Technical Brochure 273 for more

details).
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Table 21 — Damage and failure limit of interface components

Type of interface components Damage limit Failure limit

GCable

— dead-end and junction fittings

— suspension fittings

Conductor joints

Unacceptable permanent

deformation (including slippage) Rupture

Insulators (porcelain and glass)

(glass only)

70 % strength rating or broken shed | Rupture of pin, cap, cement or shed

Composite insulators

Typically 70 % of rating particularly Rupture
if loads are not transient

Fitting

3 Critical permanent deformation Rupture of fittings or shear of

bolts

NOTE

NOTE
apart.

becauge of point-to-point contact, it should be considered in the design. In such a case, the‘“damag
becoms ‘exceeding the excepted wear’.

1 Normally, fittings are designed in a manner to reduce or eliminate wear. Should wear~pe_ ex

2 The critical permanent deformation is defined as the state where the fittings cannot be easily

pected
e limit

taken

7.3.2

For prpctical considerations, it is assumed that the normal dénsity function is adequate {
statistjcal distribution of the strength of line componentsi’/As indicated earlier, log-1
y function can also be used to characterize strength variation, mainly for compgnents

densit
with b

This assumption of normal density function is quitetrue for many line components, parti

those

If no

standgrds; R, may be assumed to correspond to ¢ = 10 %. Table 22 gives typical st
coeffigient of variation vy to be used.as default value in the absence of relevant data.

If testp are available, Rc = (10%)R = (1 —u x vg) E; if R is assumed normally distri
u = 1,28, or given in Table23 for log-normal distribution function.

For additional informéation, refer to Annex A.

NOTE
derived

Strength data of line components

rittle behaviour or subjected to stringent quality{control.

having a low coefficient of variation.

specific tests are available, theCcharacteristic strength R; will be found in

The value ‘ef-u = 1,28 corresponds to a large number of samples. For fewer samples, different
from statistical properties of the normal distribution function can be used.

or the
ormal

cularly

ruling
rength

buted,

values
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Table 22 - Default values for strength coefficients of variation (COV)

Component cov

Conductors and ground wires (strength usually limited by joints) 0,03
Fittings 0,05
Insulators 0,05
Steel poles 0,05
Concrete poles 0,15
Wood poles 0,20
Latticgtowers 074

Groutgd rock anchors 01p
Pile fqundation 0,2b
Foundation with undercut or machine-compacted backfill 0,20
Foundation with uncompacted backfill 0,3p

Table 23 — u factors for log-normal distribution function for ¢ =10 %

cov u
0,05 1,26
0,10 1,24
0,20 1,19
0,30 1,14
0,40 1,08

7.3.3 Support design strength

Suppdrts shall be designed for a characteristic strength R equal to:

Support design loads
Rg >
Dy Dg g Dg

(27)

Struethre Suppori design loads comprise the dead loads and external loads.

@y, is|selected according to 7.2.2.

&g is| dérived from Table 16. It is equal to 1,0 if the support is selected as the least r¢liable
campaonent Note that it may be advisable to design tower parts such as crossarms and
ground wire peaks, with a sub-sequence of failure within the tower so that failure of these
parts will not cause failure of main tower body.

@q for lattice towers,Table 24 gives recommended values for @q, to take into account the
quality in calculation method, fabrication and erection. For other supports, coefficients @q
of the same order can be estimated by view of local conditions.

@c can be taken equal to 1,0, especially when the characteristic strength corresponds to a
10 % exclusion limit. If the exclusion limit varies greatly from 10 %, refer to-Anrrex~A
CIGRE Technical Brochure 178 for possible adjustments.
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Table 24 — Value of quality factor @q for lattice towers

Quality control @q
Very good quality control such as involving third party inspection 1,00
Good quality control 0,95
Average quality control 0,90

‘ Structures Supports subjected to full scale (type) tests shall withstand loads equivalent to

R.. Te

7.3.4

‘ The maximum reactions on foundations are obtained from the design of-struetures su
subjedted to the loads defined in this standard using conventional methods~of analys
pbriate wind-weight span combinations,—tewer support legs and body, extensions.

| appro
reacti
found

of IECI 61773.

The characteristic strength of foundations R, shall meet the fellowing requirement:

7.3.5

Condy
length|

cases

In this
define

When

7.3.6

sts shall conform to the latest version of IEC 60652.

Foundation design strength

ns thus obtained are considered to be the design loads on(foundations.
tion tests are required, these shall be performed in accordancé-with the latest v

Foundation design,loads

Rg >
PN Ps Pq P&

Hepends on the number of foundations subjected to maximum load intensity in a

lfable 15.

Can be obtained from Table 16, hased on the expected strength COV. For defau
values, refer to Table 22.

ypical of line construction, then it is suggested to consider @, = 0,9.

can be taken equalto 1,0, specially when the characteristic strength correspond
10 % exclusion limit. This is usually the case when R is deducted from foundation
n case the exclusion limit varies greatly from 10 %, refer to-Annrex-A CIGRE Teg
Brochure 178\for possible adjustments.

Conductor and ground wire design criteria

f characteristic strength R_.is derived from tests typical of actual line constructior,
D, = 1. However, if foundation tests were carried out in a controlled environment not

pports
s and
The
When
ersion

given

storm event. For example, if N = 2, and. €0V = 0,20, @y = 0,91 can be obtained from

t COV

then

s to a

tests.
hnical

ctors and ground wires are de5|gned for the e

applied to the line. This tension corresponds to the highest point in the span.

case, @y = &g = &g = 1,0 and the maximum conductor tension shall not exceed
din Table 20.

required, conductor tests shall comply with IEC 61089.

Insulator string design criteria

R; as

The calculation of the insulator strings is based on their relationship to the conductors to
which they are attached. These are dealt with in the same way as for the support/foundation
relationship. The critical design loading shall be derived from the maximum calculated
conductor loading to which the-cempenents insulator strings are attached. For suspension
strings, the maximum loads are equal to the maximum resultant of the combined vertical,
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transverse and longitudinal loads applied to the attachment point of the insulator string. In the
case of tension strings, it is equal to the maximum conductor tension.

@y shall be derived in accordance withTable 15.

@3 = @g, = 0,90 for all insulator strings, for which the COV generally remains under 7 %
(see Table 16 and Table 21).
@z =1,0, and &g = 1,0 (unless poor quality material).

In addition to the above requirements, it is advisable, particularly for countries subjected to
ice loads, to select the characteristic strengths of dead-end insulators at least as high as the
characteristic strength R of attached conductors. Similarly, it is advisable to design the dead-

end fiffings to withstand, at failure, abou o 10 o more than the conductor characieristic
strength R.. When required, tests for fittings shall comply with EC 61284.
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subjected to the critical load
S : ot Evariation vy
" 0,05 0,075 0,10 0;15 0;20 0;25 0,30
4+ 1,00 1,00 1,00 1,00 1,00 1,00 1,00
2 0;98 0;9840;97) | 0;9740:97) | 0:94+0:95) | 0:9440;93) | 0;87(0;92) |0;8440.90}
5 6;96 0;94(0;94) | 0,92(0,93) |0.85+(0:89) |0:80(0:86) |0,72(0;83) |06,64(0;80)
40 0:94-40;95) | 0;9240;93) |0:8940;80) |0:8440:86) | 072082} |0:62(07F | 6640 73)

A.1 | Calculation of characteristic strength

The characteristic strength is defined as‘the strength guaranteed with a given probability.

If R Jis the mean strength of\'@ component and vy its coefficient of variation, thgn the
charagteristic strength R is given by formula:

Re= R (1=ugvg) (A.1)

The value of vgidepends on the type of material and the fabrication practice (quality cdntrol).
The variable«factor u, depends on the distribution function of the strength of the component
and op the probability of exceeding the guaranteed strength, represented by the exdlusion
limit e

The characteristic strength of line components in most countries corresponds to an exclusion
limit (probability of not being achieved) lower than 10 % and usually in the order of 2 % to
5 %. Assuming a characteristic strength with a higher exclusion limit would produce a
significant number of under-strength components and a very low exclusion limit may not be
cost-effective, specially for components with high vg. Thus, values from 2% to 5%
correspond to a practical economic balance. If a normal distribution is assumed for strength R,
ug Would thus vary between 1,60 and 2,10.

For example, in order to guarantee a minimum yield point of 300 MPa for a given grade of
steel, a manufacturer, knowing that the coefficient of variation is 0,05, will generally produce a
steel which has an mean strength of 300/ (1 — 2,10 x 0,05) = 340 MPa. The probability of not
meeting the minimum strength (or the characteristic strength) is quite low and is in the order
of 2 %. The same approach applies to insulators where it was found from compiled strength
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data that the characteristic strength corresponds to a very low exclusion limit (approximately
0,1 %).

Consequently, the exclusion limit of 10 % used in the reliability Formula (2) can be related to
the characteristic value by means of:

(10%)R = (1-1.28vg )R = 1 — 28R )Re. (A.2)

1-ugvR

or (10 %R = R (A.3)

If the palue of ug is not known, it can be estimated according to Table A.1 which{s baged on
the frgquency of rejects calculated from the normal distribution.

Table A.1 — Values of u, associated to exclusion limits

Estimated frequency of rejects
Frequent Some Rare
Exclusjon limit e About 10 % 2%1t05% <2%
ug 1,28 1,6 2,1

@ is & correction factor that can be applied to the characteristic strength R, if there is epough
eviderjce or data to warrant that the exclusion limit.of R. is different from 10 %.

D= (1-2128vg)/ (1 —ugvg) (A.4)

In typical cases, @, can be considered equal to 1,0 which should normally lead to a sat|sfying
design reliability.
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Annex B
(informative)

Formulas of curves and figures

B.1 General

The fgrmulas provided hereinafter describe the curves in various figures of the standard

NOTE?2 Many of the curves in this standard were originally developed in previous IEC/TC11
docunjents based on a combination of theoretical studies and experimental résults that were
fine tuned according to experience.

B.2 |Formula for G- Figure 4

G. = 0,291 4 x-bab) In(z) + 1,046 8 (terrain type A)
G.=0,373 3 x-Laf<) In(z) + 0,976 2 (terrain type B)
G.=0,493 6 x-kath) In(z) + 0,912 4 (terrain type C)
G.=0,615 3 x-kath) In(z) + 0,814 4 (terrain typée D)

All abpve formulas apply to z > 10 m. Jnyrase z < 10, the value of G, remains constapt and
equal [to the value for z = 10 m.

B.3 | Formula for G| — Figure'5
G L=4x10"10x13-5x 1077 xL2-10"4 x L + 1,040 3

If L <200 m, G| =1

B.4 | Formula for G, - Figure 6

Gy = —P;s000 2 x-h? 22 + 0,023 2 x-h z + 1,466 1 (terrain type A)

Gy = -0,000 2 x-h? 22 + 0,027 4 x-h z + 1,682 0 (terrain type B)
G, = -0,000 2 x-h? 22+ 0,029 8 x-h z + 2,274 4 (terrain type C)
Gy = -0,000 2 x-h? z2 + 0,038 4 x-h z + 2,928 4 (terrain type D)

All above formulas apply to z> 10 m. In case z < 10, the value of G; remains constant and
equal to the value forz = 10 m.

B.5 Formula for C,; - Figure 8 (flat-sided members)

Cyt12=4.1727 x 42~ 6,168 1 x y + 4,008 8
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Formula for C,; - Figure 9 (round-sided members)

B.6

Cyt1,2=0,2293 x 23+ 2,709 1 x 42 -3,132 3 x y+ 2,200 2

Formulas for C,,. — Figure 10

B.7

1,2 when Re < 3 x 105

Cxtc

75 when Re > 4,5 x 10°

xtc=0

C

HO 1O

5x 105

< Re < 4,

1,109 8 x In(Re) + 15,197, when 3 x 10°
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Annex C
(informative)

Atmospheric icing

General

Atmospheric icing is a general term for a number of processes where water in various forms in
the atmosphere freezes and adheres to objects exposed to the air. Generally, there are two
types of icing which are named according to the main processes:

. prelecipitation icing, and

e in

A third
called

Precip

e freezing rain,

o W8
e dry

C.2

c.21

When
water
not frg
clear,
theref
of air

Freezing rain occurs mostly on wide plains or basins where relatively deep layers of ¢
ulate during spells of cold weather. When a low pressure system with a warm fropt with

accum
rain p
favour
upper

A sim

cloud icing.
process, where water vapour is transformed directly into the ice phase and forn

“hoar frost”, does not lead to significant loadings and is not considered’further.

itation icing occurs in several forms, among which the most impaortant are

t snow accretion, and

snow accretion.
Precipitation icing

Freezing rain

raindrops or drizzle fall through a-layer of cold air (sub-freezing temperatures
droplets become supercooled. Therefore, they are still in a liquid water phase 3
eze before they hit the groundyor any object in their path. The resulting accretid
solid ice called glaze, oftem_with icicles. This accretion is very hard and stron
pre difficult to remove. Theldensity is 800 kg/m3 to 900 kg/m3, depending on the ¢
bubbles.

enetrates thénarea, the cold (and heavier) air may remain near the ground an
the formation of glaze (temperature inversion). Such a situation may persist un
winds have managed to mix the cold surface layer of air with the warmer air aloft.

laf_situation may occur in the overlapping zones of cold air and warm air system

NS SO-

), the
nd do
nis a
j, and
pntent

pld air

| thus
til the

5. The

warm

vhere

precip

r nir’ often with prnr‘ipifnfinn’ is lifted over the colder air and forms a frontal zone

itation is enhanced.

Usually there are only moderate winds during freezing rain events. Hence the amount of

accret

c.2.2

ed ice depends on the precipitation rate and duration.

Wet snow

Normally, the temperature increases as snow flakes fall through the atmosphere. If the air
temperature near the ground is above freezing, the snow flakes start to melt when passing the
0 °C isotherm and the flakes contain a mixture of ice and water (at 0 °C) until they eventually
melt totally into raindrops if the warm layer is deep enough. As long as they are only partly
melted they will adhere to objects in the airflow.
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The density may vary widely (100 kg/m3 to 800 kg/m3), but mostly from about 400 kg/m3 to
600 kg/m3. The density and intensity of accreted wet snow depends on the precipitation rate,
wind speed and temperature. If the temperature drops below 0 °C after the accretion, the
layer will freeze into a hard and dense layer with strong adhesion to the object.

Wet snow may also freeze on objects in colder air near the ground as in the case of freezing
rain.

NOTE The density of wet snow accretion (type of precipitation icing) usually increases with wind speed, thus
resulting in a smaller area exposed to wind pressure. In such case, it is possible that the resulting forces on the
cables subjected to increased wind speed (height variation of Figure 12) may be less critical than at lower wind
speed at 10 m reference height.

C.3 |[Dryice

The ide growth is said to be dry when the available heat transfer rate away from' the oljject is
greatdr than the release of the latent heat of fusion. The density of the acaretion is a function
of thelflux of water to the surface and the temperature of the layer. The resulting accreted ice
is callgd soft or hard rime according to the density. A typical density fot_8eft rime is 300|kg/m3
and 700 kg/m3 for hard rime.

C.4 [In-cloud icing

In-clodid icing is a process whereby supercooled water. droplets in a cloud or fog, freeze
immediately upon impact on objects in the air flow,,e.g. overhead lines in mountains jabove
the clgud base.

The ide growth is said to be dry when the transfer of potential transfer of heat away frgm the
object| is greater than the release of the latent heat of fusion. The resulting accreted]ice is
called|soft or hard rime according to its density which is typically 300 kg/m3 for soft rinfje and
700 kg/m3 for hard rime.

The ice growth is said to be wet when the heat transfer rate is less than the rate of latent heat
release. Then the growth takes:place at the melting point, resulting in a water film ¢n the
surface. The accreted ice is called glaze with a density of approximately 900 kg/m3.

The icjng rate varies mainly as a result of the following:

e liquid water cantent of the air;
e madian volume droplet size of the spectrum;

e wind speed;

o termperature;

e dimensions of the iced object.

At temperatures below —10 °C, the water content of the air becomes smaller and less icing
occurs. However, 8 kg/m was recorded in Switzerland with a temperature below —20 °C and
strong winds.

Under the same conditions, the ice accretion rate will be greater for a small object than for a
large one. Thus, heavy ice loadings are relatively more important for conductors than solid
supports.

It should be noted that the heaviest in-cloud icing for specific locations, e.g. coastal
mountains is usually due to a combination of wet-snow and hard rime.
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C.5

Physical properties of ice

—-91 -

The physical properties of atmospheric ice may vary within rather wide limits. Typical
properties are listed in Table C.1.

Table C.1 — Physical properties of ice

Density Appearance
Type of ice Adhesion Cohesion
kg/m? Colour Shape
Glaze ice 700 to 900 Strong Transparent Cylindrical icicles Strong
Wet srjow 400 300 to 700 | Medium White Cylindrical Medium to strpng
Hard rime 700 to 900 Strong Opaque to Eccentric pennants | Very strong
transparent into wind
Soft rigne 200 to 600 Medium White Eccentric pennants | Low to mediun
into wind
C.6 | Meteorological parameters controlling ice accretion

Table [C.2 gives typical values of parameters that control the.icevaccretion.

Table C.2 — Meteorological parameters econtrolling ice accretion

Air temperature Mean wind
Tvole of ice ‘ speed Droplet size Liquid water Typical dtorm
YA °c V P content duratipn
m/s

Glaze |ce -10<¢t <0 Any Large Medium Hours

Wet srjow 0<r<3 Any Flakes Very high Hours

Hard rime -10<t <1 10 <5 Medium Medium to high Days

Soft rine -20<t <1 K10 Small Low Days
The trpnsition between soft rime, hard rime and glaze for in-cloud icing is mainly a function of
air tepperature and wind speed as shown in Figure C.1. However, the curves in Figufe C.1

shift t¢ the right with.increasing liquid water content and with decreasing object size.
Types of in-cloud icing A g
30 <~
e
(0]
25 &
Glaze ()
20 2
Hard rime =
15
10
Soft rime
5
« 0
-25 -20 -15 -10 -5 0

Air temperature (°C) IEC

Figure C.1 — Type of accreted in-cloud icing as a function
of wind speed and temperature
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C.7 Terrain influences

C.71 In-cloud icing

The regional and local topography (large and medium scale) modifies the vertical motions of
the atmosphere and hence the cloud structure and icing. Coastal mountains along the
windward side of the continents act to force moist air upwards, leading to a cooling of the air
with condensation of water vapour and droplet growth, eventually with precipitation. The most
severe in-cloud icing occurs above the condensation level and the freezing level on freely
exposed heights, where mountain valleys force moist air through passes and thus both lift the
air and strengthen the wind.

On th(l leeward side of the mountains, the descent of an air mass results in internal heating of
the air and evaporation of droplets, eventually with a total dissolution of clouds. local
sheltef of hills not more than 50 m higher on the windward side may give| a* significant
reduction in ice loadings. For this reason, routes in high mountains may veryswell be [suited
for ove¢rhead lines, provided they are sheltered against icing wind directions:

C.7.2 Precipitation icing

In geperal, precipitation icing may occur at any altitude. However, the probability of
precipjtation icing is generally greater in the valley basin thaf)y half way up the valley| sides
becauge of higher occurrence of cold air. Both freezing rain and wet snow may occur or] large
plains

The gfeatest amounts of wet snow may be formed wheére the transverse wind component is
strongest. Hence, an overhead line along a valley:has fewer accretions than a line crpssing
the valley.

Howeyer, smooth hills or mountains transverse to the wind may cause the wind to strefggthen
on thel leeward side, especially if there arg 'ho obstacles to such a flow on this side. Conpbined
with Wwet snow, such hillsides may have significant failure probabilities for high ice|loads
combiped with high wind velocities.

C.8 | Guidelines for the implementation of an ice observation program

At the| current time of whiting, there seems to be practically no indirect way of getting proper
data fpr design, although significant efforts have been made to develop models based on
meteofological datarand the collection of general experience from the areas of interest. [As for
any other type<oef structure depending on extreme values of wind speed, snow depth or
temperature,.the transmission line designer needs data and measurements of the most ¢ritical
design parameters. Therefore, a program for collecting field data is strongly recommeénded,
both flom. existing overhead lines and from especially designed devices.

Field ice data can be obtained by the following means:

a) Direct measurements of icing thickness or weight of samples taken from structures and
line conductors. Ice samples fallen on the ground can be used, if consideration is given to
the shape of initial ice accretion on conductors and to the fact that fallen pieces may
represent only a fraction of the ice coating on the conductor.

b) Measurement on devices that simulate ice accretion on conductors. Devices currently
used in some countries consist of simple tubes, rods or cable assemblies, 2 m to 5m
above ground level in order to facilitate measurement.

c) Estimation of icing using conductor tension or the vertical component of weight at the
attachment point at the support.

d) Estimation of icing using the conductor sag.
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Ice loading data are important not only to establish design load criteria and their associated
failure probabilities, but can also be useful in the planning stages of the transmission network
and route selection of transmission lines.

Since very few countries have data on ice loadings at their disposal, and considering that it
takes at least 10 years of field observation to acquire such a data base, it is strongly
recommended that any utility planning a major line project should undertake an ice
observation programme without delay. Very often it will be possible to obtain the collaboration
of the national weather services for the operation of instruments placed in standard
meteorological stations.

Howeyer—any—source—ofavaitabte—and—usefut-information—shoutd—be—cottected—=and—combined

systematically in order to reduce, as much as possible, the time and cost-of field
measyrements.

Seneral meteorological data Icing models Measured,icing data
Use transfer functions to Use transfer functions tg
cpnvert to local meteorological convert to local icing
data data

Evaluate liquid
——— water content and
droplet size

Calculate\local
icing.data

Compare calculated and measured icing data. If
difference is not acceptable, this is used to adjust icing
model

Calculate final icing data, taking conductor and span
data into account

Calculate wind force
on iced conductor

Statistical processing of the effect of wind and temperature, wind on iced conductor and ice load

Design data

IEC

Figure C.2 — Strategy flow chart for utilizing meteorological data,
icing models and field measurements of ice loads

IEC 61774 is a comprehensive standard covering all needs for meteorological data needed for
overhead line design, and where measurement of icing is a significant part. Figure C.2 is
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taken from that standard. It demonstrates the strategy recommended in order to optimize the
information that can be extracted from general meteorological data, icing models and
separate measurements of ice loadings. Further guidelines on the selection of measuring
sites, measuring devices as well as other instrumentation are also included in this standard.

Finally, it is recommended that the implementation of any major observation programme, as
well as the analysis of the meteorological data, is conducted under the supervision of a
professional meteorologist.

C.9 Ice data

a en n_o 4 e ne

Sate ‘. S, et cH-e é o— S Do+ = AHS & height
factor K, , for height z above ground. They can be approximated by the following formulae.

For in-cloud icing:

K4~ 0,15 d/30 + 0,85 (C.1)

NOTE The variation of in-cloud icing with height is very dependent on local topographical and climate conditions.
Thus a specific climatic study is suggested to assess this variation for a line exposed to in-cloud icing.

and for precipitation icing

K4 ~0,35d/30 + 0,65 (C.2)
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K, =0,075 x z/ 10 + 0,925 (C.3)

The above value of K}, for precipitation icing has been obtained using a simple icing model
with a wind speed of about 25 km/h at 10 m and droplets fall speed of about 5 m/s. In case if
conductor diameter d is less than 30 mm, K, can be considered equal to 1,0 for both types of
icing.

C.9.2 The effect of icing on structures

Ice accretion on structures increases their vertical loads on the structure and may control the
design of foundations and some support members.

The weight of ice can be calculated using the geometry of the support members avlud the
relevart thickness of ice accretion. Alternatively, an approximation can be derived“frgm the
following Table C.3:

Table C.3 — Approximate values of ice weights on lattice structures

Ice thigkness (mm) 15 25 30 35 40 45 50
Ratio ¢f weight of ice to structure weight 0,57 1,00 1,23 1,48 1,73 2,00 2,28

C.10 | Combined wind and ice loadings

C.10.1 Combined probabilities

The gction of wind on ice-covered conductors involves at least three variables:) wind
assoclated with icing situations, ice weight and ice shape. These combined effects can|result
in both transversal and vertical loads. Direet measurements of these loads should, ideally, be
the best approach but due to the difficulties and cost involved, such measurements are gcarce
and afe not usually available.

Since|it is possible to obtain.independent observations of wind speed, ice weight apd ice
shape} it is proposed to combine these variables in such a way that the resulting load will
have at least approximately the same return periods T as those adopted for each rellability
level.

Comblning the probabilities of correlated variables would, however, require the knowlefige of
the vdrious interacting effects of these variables on the loadings. Assuming that makximum
loads pre most ljkely to be related to maximum values of individual variables (wind spegd, ice
weigh{ and.ice shape), a simplified method is proposed. A low probability value of a variable
(index L) is’combined with high probability (index H) values of the other two variablgs, as
showr] invTable C.4. In this method, a certain degree of independence between the different
variables is accepted.

Table C.4 — Combined wind and ice loading conditions

Loading conditions Ice weight Wind speed Ef:ig;'f‘i’:i:;tag Density
Condition 1 gL Vin Ciy o
Condition 2 gy Vi Ciy o
Condition 3 gn Vin Ci %

The high probability is considered to be the average of extreme yearly values, while the low
probability of the variable is the one corresponding to a return period 7.
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C.10.2 Drag coefficients of ice-covered conductors

Field measurement is the best approach for the determination of the drag or lift coefficients of
ice-covered conductors. However, at the current time of writing, very few such measurements
exist. As a result, statistical distributions of drag or lift coefficients are not yet known.

As long as statistical data on the effective drag coefficients and densities are not available, it
is suggested, in the absence of other experimental values, that the values given in Table C.5

should be used.

Table C.5 — Drag coefficients and density of ice-covered conductors

Wet snow Soft rime Hard rime Glaze fice
Effectiye drag coefficient C|, 1,0 1,2 1,1 1,0
Density &, (kg/m3) 600 700 600 900 900
Effectiye drag coefficient C, 1,4 1,7 1,5 1,4
Densitly &, (kg/m?) 400 300 400 700 900
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Annex D
(informative)

Application of statistical distribution functions

to load and strength of overhead lines
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An anplysis of meteorological data has shown that the distribution of annual maximunm wind

velocifies or ice loads and ice thicknesses can be represented, with good approximati

an extreme value distribution law (Gumbel Type 1).

The basic formula for the Gumbel Type | cumulative distribution function has‘the form:

where

This formula expresses the probability F(x) that a randomvalue will be less than a value

distrib

The parameters Cy and C, depend on the number of years (n) with observations and are

in Tab

F(x) = exp{—exp[-ax (x—u)]}
a=Cqy/0 and u=;—C2/a
ution with a mean value x and a standard deviation o.

le D.1. For calculation of Cy and C,, see.Table D.1.

Table D.1 — Parameters 'C; and C, of Gumbel distribution

bn, by

(D.1)

(D.2)

xina

given

N C, C, c,lc,

10 0,949 63 0,495 21 0,521 48
15 1,020 57 0,512 84 0,502 50
20 1,062 82 0,523 55 0,492 60
25 1,091 45 0,530 86 0,486 39
30 1,112 37 0,536 22 0,482 05
35 1,128 47 0,540 34 0,478 82
40 1,141 31 0,543 62 0,476 31
45 1,151 84 0,546 30 0,474 28
50 1,160 66 0,548 54 0,472 61
o0 1,282 55= /\6 0,577 22=Euler constant 0,450 05

The general form of Formula (D.1) thus becomes:

and in

F(x) = exp{— exp|:— ﬁ(x x4 %H}
o 1

the case where n ~ o

(D.3)
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F(x) = exp% expl— n(x—;+0,456)/(0'x\/§)1} (D.4)
Hence, the probability P(x) that the observed value will be higher than x during one year is:
P(x) = 1—exp¥ expl— ”(x_;+0'450)/(0"/§)l} (D.5)
As a simplification the return period T of the value x is given by:

1

T = D.6
P0) (D.6)
By regrranging the Formulae (D.3) and (D.6), the following is obtained:
w=x-2% _ 9 fin(Cin(1-1/T) (D.7)
Cq Cq
Formyla{B-7)-givesthevaluex-with-areturnperiodT-asafunctionof-x G and-C,-
- o6
o = ” 88}
Erom Fanatinne (R 7Y\ and (R 8\ tharatin v < o\ /v in =\ followe whirh ic dafinad o K
AR b bl VLA | ALl A, § U AN VAL AARSIAALLLA AL el A
K= _ Cs(n)-o c /
Cy(n)  Cq(n)
\d G\/g
E E B g\t K_,-is—obtained, il I infini ‘
obseryations
K =x /5=1-0,45-ZL 938 fin_int—pry}
X X T
or (R 10\
of (B-10)
6
Ko ——v,—0;
T
R o (8:11)
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The inclusion of C4y and C, values in formula (D.3) will result in higher predictions if the
number of years of data is reduced. However, it is noted that some countries use formulas
(D.4) or (D.5) (i.e. C4=1,282 55 and C,/C4=0,450 05) without taking into account the effect of
number of years of data.

Table D.2 — Ratios of x / x for a Gumbel distribution function, T return period in years of
loading event, » number of years with observations, v, coefficient of variation

cov | T Reliability level 1 Reliability level 2 Reliability level 3

50 years 150 years 500 years
vw [ T0 15 20 25 50 o |10 15 20 25 50 o | 10 15 20 25 50
0,05 1,18 1,17 1,16 1,15 1,14 1,13|1,24 1,22 1,21 1,21 1,19 1,17|1,30 1,28 1,27 1,26\ 1.2 1,22

0,075 1,27 1,25 1,24 1,23 1,22 1,19|1,36 1,33 1,32 1,31 1,29 1,26|1,45 1,42 1,4041,39 1,3y 1,33
0,10 1,36 1,33 1,32 1,31 1,29 1,26|1,48 1,44 1,42 1,41 1,38 1,36|1,60 1,56 1;54%1,52 1,4p 1,44
0,12 1,43 1,40 1,38 1,37 1,35 1,31|1,57 1,53 1,51 1,49 1,46 1,41|1,72 1,67° 1464 1,62 1,5p 1,53

0,15 1,54 1,50 1,48 1,46 1,43 1,39|1,71 1,66 1,63 1,62 1,58 1,52|1,90.1,84 1,80 1,78 1,78 1,66
0,16 1,57 1,53 1,51 1,49 1,46 1,41|1,76 1,70 1,68 1,66 1,61 1,55(/1,96 1,89 1,86 1,83 1,78 1,70
0,20 1,72 1,66 1,64 1,62 1,58 1,52|1,95 1,88 1,84 1,82 1,77, 692,20 2,12 2,07 2,04 1,98 1,88
0,25 1,90 1,83 1,79 1,77 1,72 1,65|2,19 2,10 2,05 2,03 1,96.1,86|2,51 2,40 2,34 2,30 2,2 2,10

0,30 2,08 2,00 1,95 1,93 1,87 1,78(2,43 2,32 2,27.2,23 2,15 2,04|2,81 2,68 2,61 2,56 2,4p 2,32
0,35 2,26 2,16 2,11 2,06 2,01 1,91(2,66 2,54 248.)2,44 2,34 2,21(3,11 2,96 2,87 2,82 2,7]1 2,54
0,40 2,43 2,33 2,27 2,24 2,16 2,04 (2,90 2,76~2/69 2,64 2,54 2,36(3,41 3,23 3,14 3,08 2,9p 2,76
0,45 2,61 2,49 2,43 2,39 2,30 2,17 (3,14 298 2,90 2,85 2,73 2,55(3,71 3,51 3,41 3,34 3,2p 2,98

0,50 2,79 2,66 2,59 2,54 2,44 2,30(8,38 3,20 3,11 3,05 2,92 2,73 (4,01 3,79 3,68 3,60 3,4f 3,20
0,55 2,97 2,83 2,75 2,70 2,59 2,43 3,61 3,42 3,32 3,26 3,11 2,90|4,31 4,07 3,94 3,86 3,68 3,42
0,60 3,15 2,99 2,91 2,85 273.'2,56 (3,85 3,64 3,53 3,46 3,30 3,07 (4,61 4,35 4,21 4,12 3,98 3,64
0,65 3,33 3,16 3,07 3,01 2,88 2,68(4,09 3,86 3,74 3,67 3,50 3,25(4,91 4,63 4,48 4,38 4,1f 3,86

0,30 —

[ Actual

/_\ — Gumbel

0,20 — 7
0,15 /

0,25 +—

0,10 - b \\
0,05 // S~
0 —
0 25 50 -75 -10,0 -12,5 -150 -20,0 -20,0 -225

Low temperature °C

IEC 2191/03
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0,45 —
0,40 —
0.35 7= [ Actual
0,30
—— Gumbel
0,25 —
0,20 - \
0,15 - / \
0,10
0,05 S—
0
0 0,75 2,25 3,75 5,25 67 C 8,25
Ice load kg/m
IEC 2193/03

0,35 [1 Actual
0,30 — —— Weibull
0,25

0,20 —< /
045 / \
0710 - ‘\

0,05 /’

0 1,00 1,05 1,10 1,15 1,20 1,25 1,30

Ratio actual/specified strength

IEC 2194/03
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Annex E
(informative)

Effect of span variation on load-strength relationship —
Calculation of span use factor

E.1 General

Assuming F' is the force resulting from climatic actions applied to the maximum span L, ,,,
then the force on a support with a span L, is in linear systems equalto F x L/L_.... In the case
of wind loads and a large difference between L; and L., there is small non-lifearity
introdyiced by the variation of gust factor with spans. This has little influence on the, relfability
becauge the latter is controlled by spans near maximum values where the span/lead relation
can be assumed to be linear. The ratio of L/L . is a random variable called 'use fagtor U.
The uge factor has an upper bound of 1,0 and a lower bound typically equalto 0,4. Frgm the
analygis of lines designed according to limit load concept, it has been-found that tHe use
factor|can be assumed to have a Beta distribution function.-A—general-8eseription-of-th¢ Beta

The Use factor depends mainly on three variables: the number of types of suspg¢nsion
supports available for spotting, the category of the terrain and the constraints on sppport
locatigns. For example, if every support in a line is custom>designed for the exact span at
each Ipcation, the use factor will be equal to 1,0. While_ifconly one suspension support fype is
used in a line located in mountainous terrain, the avefage use factor will be significantly less
than 1), typically 0,60 to 0,75.

The uge factor variation was found to have predictable patterns and statistical parametérs 5

and o}, could be known with sufficient accuracy if the number of suspension support|types
and spans, terrain and spotting constraints were known.

In-TFalfles B-3-and-B-4 CIGRE Teghnical Brochure 178, typical mean values U and stdndard

deviatjon o, are given. Note that 5 can be derived from the design criteria of tangent
supports if the average span”of the transmission line is known, because of the following
relation:

Average span = Avgrage wind span = Average weight span

Thus, the average wind use factor awind can be calculated from:

— Average wind span Average spnan
J = - Lad
U wind = - N = . .
Design windspan  Design wind span (E.1)
Similarly,
— Average weight span Average span
Uweight = =

Design weight span  Design weight span (E.2)
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. at b1,a2 b2, ¢t c2
Tereiaane
eqnstraints U0, U0, U—¢c2a) e,
B s
suspepsion support
types
e A I e
. at b1,a2 b2, ¢t €2
Tereiaane
oqnstraints TN\ U, U, T,
B s
Stosefolen oot
types
3 ~1,0— 0,00 ~10—0,00 0,85——0;06 0;70——410

As regards the values of g, they can be deduced from a statistical analysis of span variations
in the line.

E.2

As discussed in 5.2.3, when all supports are not used with their maximum spans, this
contributes to an increase in reliability.

When the designer aims to design for a target reliability, he can, provided that sufficient data
on span variation is available, reduce the design loads on supports by a factor y, <1 and
achieve more economical lines. In case a factor y, = 1 is used for the design of structures, the

overall reliability will be higher than expected.

Effect of use factor on load reduction and its calculation
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e luction f fhici . ‘ friciont. | | I

Values of y, were computed for various cases of terrain types and suspension supports
families and the recommended4 values of y, are given in Table E.1 below.

Table E.1 — Use factor coefficient y,

5 Recommended value of yu
0,95 0,95
0,85 0,90
0,80 0,88
0,75 0,83

As discussed earlier, span dispersion can be viewed as equivalent|i0 either a stfength
increase by a factor of 1/y,, or a decrease in applied loads, which(are affected by thg span
IengtzF, by y,- The values of y,, if taken equal to 1,0 during the desigh of supports, will Iead to
a religpility higher than expected.

In cases where the considered supports will be used in different transmission lines whefe use
factor|coefficients can vary, it could be acceptable to use<as a conservative value, the highest
7u» Or leven y, = 1,0 which will lead to some over desjgn. In the latter case, it is advisgble to
reche¢k the coordination of strength that may now be altered.

4 Detailed derivation of these factors can be found in Chapter B.3 of CIGRE Technical Brochure 178.
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Annex F
(normative)

Conductor tension limits

F.1 General

In the process of designing overhead lines, tension limits of conductors are traditionally
specified as a percentage of the conductor ultimate tensile strength (UTS). Invariably, these
limits were intended to protect conductors from damaging aeolian vibrations and to provide
enough safety margins that prevent conductors from breaking or overstretching undadjesign

ice anfd/or wind loads. Q}/

The percentages of UTS limits vary between countries and even between different arpas in
some pountries. The following limits are typical of many practices in variouq—i&bisdictions.

loads/temperature. The purpose of this limit is to prevent condu ailure under extreme
wdather conditions as well as the occurrence of excessive plastigstretch when condyctors
arg taken to stresses in the range of 80 % to 95 % of their%'/(S)

b) Fimal bare conductor tension (without ice or wind load 18 % to 25 % UTS after the
co}wductor has been subjected to long term creep or ;e@ nent plastic deformation fue to

a) Maximum conductor tension <50% to 75% of UTS wu ‘design w)lr:d/ice

logd. This and the following condition were mean protect the conductor from flatigue
failure due to aeolian vibration. The percentages?‘| 8 % to 25 % UTS were based pn the
aspumption that conductors would be equipped%@ vibration dampers.

c) In]:ial bare conductor tension < 20 % to 35 °éo en a new conductor is strung and spgged

(ptior to any long term creep). This conditign is similar to the previous one, except|that it
temds to protect the conductors from fatigue damage at the initial stage, a few njonths
following the construction, when the,@%uctor tension is high and long term creep hjgs not
yel occurred. K\

The gbove limits were found tagé' acceptable in many countries and lines using mostly
Alumifium Conductors Steel R§ rced (ACSR or A1/S1A according to IEC 61089) with steel
to aluminium alloy ratio less tﬁg 13 % and in the case of all aluminium alloy conductors).

In the|past decades, many other conductor types and strandings were used and it was|found
that the above tensio its may not provide enough vibration fatigue protection for |mixed

conduftors having a high' steel ratio or for all aluminium alloy conductors.

Therelis now a @nsus within the experts that the tension limit to control aeolian vibnations
should not b @ ed on a percentage of UTS as in the past practices, but rather on the|value
of the co&tor catenary parameter C (m). This parameter is equal to the horizontal
conduct\Q/ sion (N) divided by the unit weight of the conductor (N/m).

NOTE In case the conductor is loaded with wind and/or ice, the unit weight is replaced by the resultant load per
unit length of the conductor.

This standard now recommends the use of mainly two conductor tension limits: the first limit
applies to unloaded conductors and aims to prevent conductor fatigue due to aeolian
vibration, while the second limit aims to prevent excessive conductor stretch due to the plastic
deformation of the ice/wind loaded conductor.

Since the conductor tension varies with time due to long term creep as well as due to the
plastic stretch of the conductors related to ice/wind loads, there is also a debate about which
conductor condition or catenary parameter should be used to control damaging aeolian
vibrations. The recent study given in CIGRE Technical Brochure 273 proposes to use the
initial conductor tension at average temperatures of the coldest month as a basis to establish
the limits of the catenary parameter C (equal to the horizontal tension divided by the unit
conductor load per metre).
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Based on CIGRE Technical Brochure 273, limiting the initial conductor tension at average
temperatures of the coldest month to a maximum value of catenary parameter C of 2 000 m
should be sufficient to reduce the chances of conductor fatigue due to aeolian vibrations when
vibration dampers are used. Without vibration dampers, the same limit drops to about 1 000 to
1 400 m depending on terrain types. Since the CIGRE Technical Brochure does propose any
limit for the maximum conductor tension, it is recommended to adopt the limit of 70 % to 80 %
UTS proposed in Table 20. In such a case, the tension should be calculated under the limit
design loads used for the overhead line.

NOTE In case of design according to working loads method where a safety factor is imposed by the relevant
standard/practice, it has to be checked that the conductor tension under the combination of working loads
increased by the safety or overload factor do not exceed to 70 % to 80 % UTS limit.

F.2 |Limits for lines with short spans

In addition to the above, it should be recognized that lines with short spans (les than 100 m

to 150 m) do not benefit significantly from high conductor tensions or cate parameters as
in the| case of long spans (> 300 m). The Table F.1 below provides tl@ ags for a ¢urlew
conduptor and two span cases of 400 m and 100 m, both strung at C es from 1 00p m to
2 000 m.

Q)

Table F.1 — Variation of conductor sag with ca QS‘IIy parameter C
&

Catenary parameter in m at Sag at 65 °C for 400 m sp no\ Sag at 65 °C for 100 m sgan
45 °C, initial conditions a)
2 000 1390 QV 1,86
N
1800 14,5 1,96
1500 16 \\} 2,13
\f\f@ ’
1200 19,29 2,32
¥

1000 @ 22,34 2,48

A\

)

xO

As segn from the table above .té‘sag of the short span (e.g. distribution line) will ingrease
only iy 0,6 m for a reductio@ C from 2 000 m to 1 000 m, while the same reductioh in C
value will increase the sgﬁ e long span (e.g. transmission lines) by 8,5 m.

While |the limit of C<@Q)O m stated above provides a safe limit for vibration purposes, |t may
not be economlcaﬁ se this limit in the case of lines having spans less than 100 m. It has to
be remembere increasing conductor tension, although it reduces conductor sag,|it will
also irncrease & on angle supports

F.3 @commended conductor limit tensions

F.3.1 Initial tension limit

The initial tension limit at average temperatures during the coldest month (usually January)
should not exceed a catenary parameter of 2 000 m for single conductor spans properly
equipped with vibration dampers. In the case of bundled conductors, the limit of C =2 000 m
can be increased to 2 200 m or more if supported by a vibration study and/or an experimental
verification.

NOTE This limit does not apply to special conductors such at self-damping conductors where different limits may
be used in accordance with past experience and appropriate studies nor to large river crossings where higher
conductor tensions may lead to significant economical benefits. In such cases, special studies and vibration control
devices are suggested in order to mitigate the risk of fatigue damage of conductors.
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F.3.2 Maximum final tension limit

The final tension limit after creep or permanent stretch due to ice/wind loads should not
exceed the damage limit of the conductor, i.e. 70 % to 80 % UTS.

F.4 Benefits from reducing conductor tensions

For economical reasons, consideration can be given to reducing the limit of 2 000 m when
spans are less than 400 m since such reduction will not impact much the conductor sag, but
will provide additional safety for fatigue damage to conductors due to aeolian vibration as well
as reducing loads on angles supports. Recommended reductions of the catenary parameter of

2 000 |m are specified in Table F.2. Q
jon fomi
Table F.2 — Conductor tensioning — recommended catenary paramet its
N
Spah length Recommended | Corresponding | Corresponding Correspondip§) ‘Corresponding
initial % UTS for a % UTS for 37 % UTS foy.37 %UTS fof 45/7
m maximum 54/7 A1/S1A A1 (ASC) A2 (Alpﬁ) A1/S1A (ACSR)
catenary (ACSR) conductor cond’.B r condudtor
parameter* conductor Q)
m NG
3 400 2000 24 33 L\‘\ 18 26
35( to 400 1900 22 31, O 17 25
304 to 350 1800 21 30y* 16 23
25( to 300 1700 20 8 15 22
\§‘
20Q to 250 1600 19 K\) 26 14 21
%)
15( to 200 1500 18 "\\(:\ 25 13 20
10Q to 150 1400 16 Q 23 12 18
)
100 1300 @Q 21 11 17

“ The reduction of the catenary parametq\Q relation to the span is based on the principle that lower tengions
ar¢ safer than higher ones from the«point of view of aeolian vibrations. At the same time, this reduction|will
nof affect the sags significantly, Q{ ill reduce loads on angle supports.

U\

oo®
&
éo
S
%
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G.1

Annex G
(informative)

Methods of calculation for wind speed up
effects due to local topography

Application

Overhead lines located in the proximity of topographical features such as hills, r
escarpments or spurs can experience significantly increased wind speeds due to

topogilaphical effects, particularly if they are close to peaks. A
In gerjeral, wind speed up due to local topography needs only be con&deredxs re tr
lies within the lesser of 3 km or 100 times the feature height (H) in a downwi

featurgs defined as significant below. (l/
Topographical features shall be considered to be significant if they ng/e both the fol
charagteristics: Q)

a) M/l shall be greater than 0,2 (see Figure G.1 for definitioné(/gVH and Ly).

b) H
fo

softw
first d
Royal
model
form d
the vq
refere

The r{ost accurate method of calculating topograp@g effects is by the use of ded

shall be greater than 5 m in the case of Terrain Categq}l‘es A and B, greater thar
Terrain Category C. Q

re which is available to wind engineering s ialists. This software utilises the
veloped by Jackson and Hunt (“Turbule ind flow over a low hill”, Journal

f the boundary layer formulas in ¢ ination with Fourier series techniques to ca
locity perturbations induced by&\ underlying topography relative to an unper
hce velocity profile above flat t@ram

ing, wind tunnel, and field studies. : theory of Jackson and Hunt uses a line

moun
manu

Wherdg

adopted:

This %pproach is parhculartvxgéommended where overhead power lines are loca
I

inous or topographically complex terrain, or where the wind speed up calculated
method descrlbegqbove exceeds 30 %.

access to SLQ) software is not available, the following simplified approach m

idges,

e site

irectiop from

owing

18 m

icated
theory
of the

Meteorological Society 101(1975, 929-955)), and since verified by a combinalLon of

rized
culate
urbed

ed in
by the

ay be

NS
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Wind profile 7

L(orLy) ___ Speed up effect
Overhead line
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N" z (assumed height for wind loading)
T
= E .
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S

Typical cross-section through Hill or Ridge

Wind profile“ Ve Speed up effect
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HI2

HI2

< X negative X
«—H—>

Figure G.1 — Diagram of typical topographical cross-section

<« 1S fhe wind speed-up factor at horizontal distance (x) from the peak and local height
is negptive in the upwind direction, positive:in"the downwind direction.)

—
)

-

—
=

SXZ = (1+ S1S253)

Hetermined from Table Gyt below;
1-abs(x)/(x Ly)};
S3 = gxp( —jz/Ly).

For vdlues of u afidyy, see Table G.1.

Table G. 1 — Values of gz and y

Jerrain type K,/(HIL,) y u 7
Terrain Terrain Terrain u(r;(-‘_ﬂ",i:)d do(v)\(lrl-vv:i)nd
category A | category B | category C
Ridge or valley 1,55 1,45 1,3 3 1,5 1,5
Escarpment 0,95 0,85 0,75 2,5 1,5 4
Axisymetrical hill 1,15 1,05 0,95 4 1,5 1,5

G.2

Notes on application

For assessment of global wind speed up on a single support, reference wind speed 7, may be
,, calculated using the above formulation, where x is
the distance from the hill crest of the support, (positive in the downwind direction), and z is the
height above ground of the centroid of the wind loading.

multiplied by effective speed up factor §

X
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It is suggested that z can be taken as the centroid of the wind loading, which can generally be
assumed to be average attachment height of the phase conductors, using parameter values
representative of the whole wind span supported by the structure(s) under consideration. If
there is substantial variation of S, , over the wind span then values of S, , may need to be
calculated at a number of points and a mean value adopted. Wind speed up effects are
generally strongly dependant on wind direction, and a number of different directions may
require investigation.

As an alternative, as wind speed-up decreases rapidly with height above ground, it may in
some cases be considered appropriate to consider this variation in design. In this alternative
approach design wind pressures for all elements of the overhead line, including the different
sectiopns_of the structure may he multiplied by different values of (QA,L)Z calculated using

valueq of z representing the mean height of the various elements.

As thi$ topic is continuously developing, it is possible that new methods may g/?:\ila ble for
studyihg wind turbulence, especially in the case of gust wind enhancemenfs. behind|steep
mountain terrain. Thus, future editions of this standard will be updated accgﬂ'&gly.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OVERHEAD TRANSMISSION LINES - DESIGN CRITERIA

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
national electrotechnical committees (IEC National Committees). The object of IEC is to promote
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Retenal-ee-eperatioronal-auestons—eoncerning—standardization—n-the—electricaland-—eteetronieFH
end and in addition to other activities, IEC publishes International Standards, Technical Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referredsto, g
ication(s)”). Their preparation is entrusted to technical committees; any IEC National Committe€ int
he subject dealt with may participate in this preparatory work. International, governmental an
brnmental organizations liaising with the IEC also participate in this preparation. IEC_collaborates
the International Organization for Standardization (ISO) in accordance with conditions determ
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as nearly.as possible, an inter
sensus of opinion on the relevant subjects since each technical committeethas representation
ested IEC National Committees.

mittees in that sense. While all reasonable efforts are made to enSure that the technical contenf
ications is accurate, IEC cannot be held responsible for the way+in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Commijttees undertake to apply IEC Publ
sparently to the maximum extent possible in their national and regional publications. Any div
een any IEC Publication and the corresponding national ot regional publication shall be clearly indi
atter.

itself does not provide any attestation of conformity: Independent certification bodies provide co
pssment services and, in some areas, access to\JEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

sers should ensure that they have the latest edition of this publication.

iability shall attach to IEC or its directors, employees, servants or agents including individual exps
hbers of its technical committees and\I[EC National Committees for any personal injury, property dar
r damage of any nature whatsoeever, whether direct or indirect, or for costs (including legal fe
bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any ot
ications.

ntion is drawn to the Normative references cited in this publication. Use of the referenced publicd
Epensable for the correet\application of this publication.

ntion is drawn to the_possibility that some of the elements of this IEC Publication may be the su
nt rights. IEC shall.not be held responsible for identifying any or all such patent rights.

btional Standard |EC 60826 has been prepared by IEC technical committe
pad lines.
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buUrth edition cancels and replaces the third edition published in 2003. It constit

3 ..
Cdl TCTVISTUIT.

The main technical changes with regard to the previous edition are as follows:

This standard has been further simplified by removing many informative annexes and
theoretical details that can now be found in CIGRE Technical Brochure 178 and referred to as
needed in the text of the standard. Many revisions have also been made that reflect the users
experience in the application of this standard, together with information about amplification of
wind speed due to escarpments. The annexes dealing with icing data have also been updated
using new work by CIGRE.
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The text of this standard is based on the following documents:

FDIS Report on voting
11/251/FDIS 11/252/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The cc])mmittee has decided that the contents of this document will remain unchanged url.til the
stabilify date indicated on the IEC website under "http://webstore.iec.ch" in the data\telgted to
the specific document. At this date, the document will be
e re¢onfirmed,

e withdrawn,

e replaced by a revised edition, or

e anjended.

IMPORTANT - The “colour inside” logo on the coveér page of this publication indjcates
that iff contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this\publication using a colour printen.
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OVERHEAD TRANSMISSION LINES - DESIGN CRITERIA

1 Scope

This International Standard specifies the loading and strength requirements of overhead lines
derived from reliability-based design principles. These requirements apply to lines 45 kV and

above

, but can also be applied to lines with a lower nominal voltage.

This d
with o
semi-|
data f|
specif

Althou
addre
existir

This ¢

ocument also provides a framework for the preparation of national standards \d
verhead transmission lines, using reliability concepts and employing probabilis
robabilistic methods. These national standards will need to establish the local ¢
br the use and application of this standard, in addition to other data that are cd
C.

gh the design criteria in this standard apply to new lines, many concepts can be u
5s the design and reliability requirements for refurbishment, .upgrading and upra
g lines.

ocument does not cover the detailed design of liné& components such as sug

foundations, conductors or insulators strings.
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brmative references

llowing documents are referred to in_th&’text in such a way that some or all o

pplies. For undated references, the latest edition of the referenced document (ing
hendments) applies.

652, Loading tests on overhead line structures

089, Round wire concentric lay overhead electrical stranded conductors
773, Overhead-lines — Testing of foundations for structures

774, Overhead lines — Meteorological data for assessing climatic loads

284; Qverhead lines — Requirements and tests for fittings

ealing
5tic or
imatic
untry-

sed to
ing of

ports,
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t constitutes requirements of this document. For dated references, only the ¢dition
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3 Terms, definitions, symbols and abbreviations

For the purposes of this document, the following terms, definitions, symbols and abbreviations

apply.

3.1
3.1.1

Terms and definitions

characteristic strength

guara
Rc
streng

Note 1 to entry:

nteed strength, minimum strength, minimum failing load

th value guaranteed in appropriate standards

practical (and conservative) limit.

This value usually corresponds to an exclusion limit, from 2 % to 5 %, with 10 % being an upper
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3.1.2

coefficient of variation

cov

ratio of the standard deviation to the mean value

Note 1 to entry: The COV of load and strength are respectively denoted by vq and vg.

3.1.3
components
different parts of a transmission line system having a specified purpose

Note 1 to entry: Typical components are supports, foundations, conductors and insulator strings.

3.1.4
damage limit (of a component)
servigeability limit state

strength limit of a component corresponding to a defined limit of permanent (or inglastic)
deformation of this component which leads to damage to the system if it is exceeded

Note 1 fo entry: This limit is also called the serviceability limit state in building codes based on limit states |[design.

3.1.5
damage state (of the system)
state Where the system needs repairing because one of its camponents has exceeded it$
damage limit

Note 1 fo entry: The system needs repairing because it is not‘eapable of fulfilling its task under design Ipads or
becaus¢ design clearances may be reduced (e.g. conductor to‘ground).

3.1.6
elements
differgnt parts of a component

Note 1 fo entry: For example, the elements of a steel lattice tower are steel angles, plates and bolts.

3.1.7
exclusion limit
e %
value |of a variable taken from its distribution function and corresponding to a probabllity of
e % of|not being exceeded

3.1.8
failure limit (of\a component)
ultimate limit.state

strength limit'of a component which leads to the failure of the system if this limit is exceg¢ded

Note 1 to entry: If this strength limit is exceeded, the system will reach a state called “ultimate limit state” as
defined in building codes based on limit states design.

3.1.9

failure state (of the system)

state of a system in which a major component has failed because one of its components has
reached its failure limit (such as by rupture, buckling, overturning)

Note 1 to entry: This state leads to the termination of the ability of the line to transmit power and needs to be
repaired.

3.1.10
intact state
state in which a system can accomplish its required function and can sustain limit loads
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3.1.11

limit load

0

load factors

Note 1 to entry: Referto 5.2.1.

T
climatic load corresponding to a return period, 7, used for design purposes without additional

3.1.12

load factor

}/ . . . . . . .

factor to be multiplied by the limit load in order to design line components

3.11

operating period

general measure of useful (or economical) life

Note 1 jo entry: Typical operating periods of transmission lines vary from 30 years to 80(years.

3.11

refereince wind speed

Vr

wind gpeed at 10 m in height, corresponding to an averagingperiod of 10 min and
a retufn period T

Note 1 fo entry: When this wind speed is taken in a terrain type B,"which is the most common case in the i
the refgrence wind speed is identified as Vgg.

3.1.15

refereince ice load

8R OF [R

referepce limit ice loads (g, is a unit ice weight and ¢ is a uniform radial ice thickness 3
the cojnductor) having a return period T

3.1.16

reliabjlity (structural)

probability that a system perferms a given task, under a set of operating conditions, du
specifled time

Note 1 |[to entry: Reliability is thus a measure of the success of a system in accomplishing its ta
complement to reliabilitynis the probability of failure or unreliability.

3.1.17

return period:(of a climatic event)

T

average.occurrence in years of a climatic event having a defined intensity

having

dustry,

round

ring a

k. The

Note 1 to entry: The inverse of the return period is the yearly frequency which corresponds to the probability of

exceedi

3.1.18

ng this climatic event in a given year.

safety

ability

Note 1

of a system not to cause human injuries or loss of lives

to entry: In this document, safety relates mainly to protection of workers during constructi

on and

maintenance operations. The safety of the public and of the environment in general is covered by national

regulati

ons.
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security (structural)
ability of a system to be protected from a major collapse (cascading effect) if a failure is
triggered in a given component

Note 1 to entry: Security is a deterministic concept as opposed to reliability which is a probabilistic concept.

3.1.20

strength factor

(1

factor applied to the characteristic strength of a component

Note 1 fo entry: This factor takes into account the coordination of strength, the number of components-sybjected

to maximum load, quality and statistical parameters of components.

3.1.21
system

set of components connected together to form the transmission line

3.1.22
task

function of the system (transmission line), i.e. to transmit power between its two ends

3.1.23

unavdilability
inability of a system to accomplish its task

Note 1 fo entry: Unavailability of transmission lines results*from structural unreliability as well as from failpure due

to othen events such as landslides, impact of objects, sabotage, defects in material, etc.

3.1.24

use fgctor

U

ratio gf the actual load (as built) to, limit load of a component

Note 1 fo entry: For tangent supparts, it is virtually equal to the ratio of actual to maximum design spans (wind or
weight)| and for angle supports; it also includes the ratio of the sines of the half angles of deviation (aftual to

design pngles).

3.2 |Symbols and a@bbreviations

Unit actien\of wind speed on line elements (Pa or N/m2)
Wind/farce on conductors (N)
Windforce on insulators (N)

Wind force acting on a tower panel made of steel angles, 4;. for cylindrical|tower

cov

members (i)
Reduction factor of the reference wind speed for wind and ice combinations
Drag coefficient (general form)

Drag coefficient of ice covered conductors (C;_ for low probability and C;y for a high
probability)

Drag coefficient of conductors
Drag coefficient of insulators

Drag coefficient of supports C,;¢, C,p for each tower face (C
members)

xtc ON cylindrical tower

Coefficient of variation, also identified as v, (ratio of standard deviation to mean
value)
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Emax

~

NN

S

RSL

Conductor diameter (m)
Diameter of cylindrical tower members (m)

Equivalent diameter of ice covered conductors (Dy for high probability and D for low
probability) (m)

Exclusion limit (%)

Exclusion limit of N components in series (%)
Cumulative distribution function of variable x
Wind factor (general form)

Combined wind factor of conductors

Combined wind factor of towers
Span factor for wind calculations
Unit weight of ice (N/m)

Yearly maximum ice load (N/m)

Mean yearly maximum ice loads (N/m)

Maximum weight of ice per unit length observed during ‘@ certain number of|years
(N/m)

Reference design ice weight (N/m)

Ice load having a high probability (N/m)

Ice load having a low probability (N/m)

Horizontal tensile load

Terrain roughness factor

Diameter factor related to the influence of conductor diameter

Height factor to be multiplied:by ; to account for the influence of height jabove
ground

Factor to be multiplied.by ; to account for the influence of the number of yeafs with
icing observations

Length of a suppart member (m)

Span length,er.wind span (m)

Average span (m)

Number of years of observation of a climatic event

Number of components subjected to maximum loading intensity

General expression used to identify the effects of weather related loads on Iinefs and

halr cnara AN ANE

t o
eI COTTTPUTTCTItS

The system limit load corresponding a return period T

Dynamic reference wind pressure due to reference wind speed Vg (qq., qon for low
and high probability) (Pa or N/m2)

Reynolds number
Strength (usually in Pa or in kN depending on components)

Mean strength (units same as for R)

Characteristic strength (units same as for R)
Exclusion limit (e) of strength (units same as for R)
Residual static load of a broken conductor (kN)
Projected area of insulators (m?2)
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Projected area of a tower panel (m2)

Ice load expressed in uniform radial ice thickness around the conductor (mm)
Reference ice load expressed in uniform radial thickness around the conductor
Return period of weather events (years)

(mm)

Number of standard deviations between mean strength and characteristic strength

Use factor

Coefficient of variation (COV) of variable x

Wind speed (m/s)

Yearly maximum wind speed (m/s)

Mean yearly maximum wind speed (m/s)

Yearly maximum gradient wind speed (m/s)

Mean yearly maximum gradient wind speed (m/s)
Reference wind speed (m/s)

Low probability wind speed associated with icing (m/s)
High probability wind speed associated with icing (mfs)
Unit weight of conductor or ground wire (N/m)

Mean value of variable x

Horizontal distance between foundations‘of a support (m)

Height above ground of conductors;{¢centre of gravity of towers panels, or ing
strings (m)

Load factor (general form)
Use factor coefficient

Load factor to adjust thé_50 year wind speed to a return period T

Load factor to adjust the 50 year ice thickness to a return period T

Load factor toyadjust the 50 year ice weight to a return period T

Ice densijty:(kg/m3)
Strength factor (general form)

Global strength factor

ulator

Strength factor due to number of components subjected to maximum load inten

Sity

Strength factor due to coordination of strength
Strength factor due to quality

Strength factor related to the characteristic strength R,
Standard deviation of variable x

Standard deviation of yearly maximum ice loads (N/m)
Mass of air per unit volume (kg/m3)

Air density correction factor

Kinetic air viscosity (m?2/s)
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Angle between wind direction and the conductor (degrees)

0 Angle of incidence of wind direction with the tower panel (degrees)

o' Angle of incidence of wind direction with cylindrical elements of tower (degrees)
X Solidity ratio of a tower panel

4 General

4.1 Objective

This document serves either of the following purposes:

a) It
ba
an
de
ca
ca
ac
ex

Iti
de
lin
de
b) It
us
na
thi

Th
co
of

The d

transmission lines age and lose strength with time. The amount of strength reduction

ageing
on theg
issue

The T

informiative dataland explanations are given.

4.2

provides design criteria for overhead lines based on reliability concepts. The rella
s5ed method is particularly useful in areas where significant amounts of méteorolo
d strength data are readily available. This method may however be,‘Used for

ibration with existing lines that had a long history of satisfactory performance. In|t
5es, design consistency between strengths of line componentscwill be achieveld

berience with previous line failures.

s5ired coordination of strength between them.
brovides a framework for the preparation of mational standards for transmission
ng reliability concepts and employing probabilistic or semi-probabilistic methods. [T
5 standard in addition to other data specific to each country.

s standard also provides minimum "~ safety requirements to protect peopl
nstruction/maintenance personnel from injury, as well as to ensure an acceptabl
service continuity (safe and economical design).

is difficult to generalize, as it varies from one component to another, and also dep
type of material, the manufacturing processes and the environmental influenceg.
s currently being-studied by relevant technical bodies.

equirements \are specified in this standard, while, in Annexes A to G, addit

System design

The

system made of components such as supports, foundations, conductors and insulator str

bility
gical
lines

signed to withstand specific climatic loads, either derived from experience or through

hese
, but

ual reliability levels may not be known, particularly if there has)been no evidence or

s important to note that the design criteria in this standard.do not constitute a complete
5ign manual for transmission lines. However, guidance ‘isvgiven on how to increape the
e reliability if required, and to adjust the strength of individual components to achjeve a

lines
hese

fional standards will need to establish the<glimatic data for the use and application of

and
level

psign criteria in this standard.apply to new line conditions. It is however a fact of life that
jue to

ends
This

ional

as a
ings.

This approach enables the designer to coordinate the strengths of components within the
system and recognizes the fact that a transmission line is a series of components where the
failure of any component could lead to the loss of power transmitting capability. It is expected
that this approach should lead to an overall economical design without undesirable mismatch.

As a consequence of such a system design approach, it is recognized that line reliability is

contro

lled by that of the least reliable component.

An overhead transmission line can be divided into four major components as shown in Figure
1. Subsequently, each component may be divided into different elements.
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SYSTEM COMPONENTS ELEMENTS

Steel sections,

4.3

The o
lines.
compq
climat

wood, etc.
——— Supports Bolts
. —— Guys and their fittings
——— Foundations
TRANSMISSION
LINE Conductors (including — Joints
nar}h\uirnc)
—— Connectors
——— Insulator strings Insulators
L—— Fittings

Figure 1 — Diagram of a transmission line

System reliability

bjective of design criteria described in this standard is to provide for reliable an
The reliability of lines is achieved by providing’ strength requirements o
nents larger than the quantifiable effects of spegtified weather related loads.

c loads are identified in this standard as wel{)as means to calculate their effe

with i
defec
standg
occur.

5 G

5.1
5.1.1

The rq
Figursg

a) C

N
st

the design process, can occur and can lead to line failure such as impact of o
in material, etc. Some measures, entitled security requirements, included i
rd provide lines with enough strength*to reduce damage and its propagation, sh

transr’];ission lines. However, it has to be recognized that other conditions, not usually

pneral design criteria

Methodology
General

commended methodology for designing transmission line components is summari
2 and can be'described as follows:

bllect preliminary line design data and available climatic data.

DTE ,1-/In some countries, reference wind speed, such as the 50 year return period, is given in
bndards.

IEC

H safe
f line
These
Cts on
dealt
hjects,
n this
buld it

zed in

hational

b1) Select the reliability level in terms of return period of limit loads.

b2) Select the security (failure containment) requirements.

b3) Identify safety requirements imposed by mandatory regulations and construction and

m

aintenance loads.

c) Calculate climatic variables corresponding to selected return period of limit loads.

d1) Calculate climatic limit loads on components.

d2) Calculate loads corresponding to security requirements.

d3) Calculate loads related to safety requirements during construction and maintenance.

e) Determine the suitable strength coordination between line components.

f)  Select appropriate load and strength factors applicable to load and strength formulas.

g1) Calculate the characteristic strengths required for components.
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g2) Check compliance with national safety regulations, and adjust the design if non-
compliant.

h) Design line components for the above strength requirements.

This standard deals with items b) to g2). Items a) and h) are not part of the scope of this
standard. They are identified by a shaded frame in Figure 2.

a) Preliminary design: route selection, conductors, insulation design,
supports, foundations, climate data, etc.

b1) Select reliability level b2) Select security b3) Identify safety requirements
TequiTements {CompuUtsory)

c) Calgulate climatic

variables
d1) Calculate climatic limit d2) Calculate loads related d3) Calculate construction and
loads to security maintenance loads

e) Determine strength
coordination

f) Select load and strength
factors

g1) Calculate required
characteristic strength of
components

g2) Check compliance with safety
requirements of national and regionjal
regulations. In case of a non-complfance,
modify the design as needed

h) Detailed design of line
components

IEC

Figure 2 — Transmission line design methodology

5.1.2 Reliability requirements

5.1.2.1+—Reliability levels(weatherrelated-loads)

Reliability requirements aim to ensure that lines can withstand the defined climatic events
(wind, ice, ice and wind, having a return period T) and the loads derived from these events
during the projected life cycle of the system and can provide service continuity under these
conditions.

Transmission lines can be designed for different reliability levels (or classes). For the
purposes of this standard, the reference reliability level is defined as the reliability of a line
designed for a 50 year return period climatic event associated with a 10 % exclusion limit of
strength (applies to the components selected as the least reliable). This reference reliability
level is generally regarded as providing an acceptable reliability level in respect of continuity
of service and safety.
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Lines can be designed for higher reliability levels by increasing the return period T of climatic
events. A higher reliability can be justified for example by the importance of the line in the
network. Three reliability levels are proposed in this standard and are assumed to cover
the range of values to be considered for most transmission lines. These levels are expressed
in terms of return periods of climatic events as shown in Table 1. For temporary lines, some
wooden poles or lines of limited importance, return periods of about 25 years may be
appropriate.

Table 1 — Reliability levels for transmission lines

Reliability levels 1 2 3

1, return period or climatic event, In years oU 190 20D

NOTE [Some national regulations and/or codes of practice, sometimes impose, directly or “indirectly,| design
requirefnents that may restrict the choices offered to designers.

Other|values of T in the range of 50 to 500 years, such as 100, 200 and, 400 years, dqan be
used if justified by local conditions.

In some cases, individual utility’s requirements can dictate other reliability levels depé¢nding
on thg proper optimization between initial cost of the line and<future cost of damage, gs well
as on uncertainties related to input design parameters.

5.1.2.2 Approximate values for yearly reliability

Both loads (Q) and strengths (R) are stochastichwvariables and the combined reliabjlity is
computable if the statistical functions of load O and strength R are known. The conditiop for a
line tg be reliable is when loads effects are less than the strength withstand of the ling. The
reliability and probability of failure are complements to 1 as indicated by the following
Formdla (1).

Yearly reliability (probability of survival) = 1 — yearly probability of failure (1)

When| the characteristic strength, deemed to be the strength being exceeded with| 90 %
probability (i.e. the exclusion limit is 10 %, or (10 %)R), is set equal to the climati¢ load
corregponding to the,selected return period 7, designated QO; , various probapilistic
combipations lead to a theoretical yearly minimum reliability of around (1 - 1/27)} This
assoclation between load and strength is given by the following Formula (2)1:

01 = (10 %) R (2)

Throughout the present standard, the loading Ot is called the system limit load haying a
return period 7.

The actual reliability can be different if load and strength data are not sufficiently accurate or
available. In the latter case, the absolute reliability may not be known, but its value relative to
a reference design may be computed if new line parameters are comparable to the reference
values.

The relationship expressed in Formula (2) can be further refined through the introduction of
correction factors related to the following items:

1 Additional information and background data related to reliability based design of overhead lines can be found in
the following CIGRE publications and brochures: Technical Brochures 109 and 178 (Chapter 2), Electra papers
1991-137 and 2000-189.
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o use factors of components: the fact that all components are not used at their maximum
design parameter (wind span, weight span, height of support, line angle) contributes to an
increase of the reliability;

e characteristic strength Rx: in actual lines, the characteristic strength of most components
corresponds to an exclusion limit less than 10 %. If, in such cases, it is assumed to be
equal to 10 %, then the actual reliability of the line will be higher;

e strength coordination: a selected strength coordination results in an increase of strength
or withstand resistance of some components;

e number of components subjected to maximum loading intensity: whenever a storm or
severe icing occurs, not all structures will be subjected to maximum loads, since the storm

H H P~ I il % H -
IS ptteah O P ATAT CTATCTTSTOUTT;

e quplity control during fabrication and construction: by these measures, low quality mpterial
will be eliminated. No components with strengths below a certain limit will be used;

e crifical wind direction: in case of wind loads it generally is assumed for_design pulposes
that maximum wind velocities also act in the most unfavourable direction. Hoywever,
mgximum winds are distributed in angle sectors. Approximate calculations carried put by
the CIGRE Working Group SC 22.06 showed that more realistic assumptions could reduce
the probability of failure by one order of magnitude.

In praftice, if the above factors are not properly taken into acceunt in Formula (2), then the
resulting reliability will be different from the theoretical values:

While the above-mentioned factors contribute to the actudl reliability usually being highgr than
the tHeoretical values, other factors could lead to)‘opposite effects, i.e. a reductjon in
reliabijity. For example, the ageing of some line components and the fatigue due to 4 large
number of loading cycles will have a negative effect-on reliability.

It is njoted that requirements for other events such as earthquakes are not covered [n this
standard.

NOTE [Usually, transmission structures are (not affected by earthquake loads because they are already dg¢signed
for impgrtant horizontal wind and longitudinalloads that are applied on the higher points of the structure.

It is also noted that the above probability of failure is only one of the components of thg total
line ugavailability as described in 3.1.23.

5.1.3 Security requirements

Secur|ty requirements correspond to special loads and/or measures intended to reduce
probability of un€ontrollable progressive (or cascading) failures that may extend well beyond
an initjal failure” These measures are detailed in 6.6.

NOTE |Somé security measures, such as those providing longitudinal strength of broken conductor loads for
failure comtaimmemnttamaftso tfeadtoamincrease T retiabitity towithstamdunbatancedite toads:

5.1.4 Safety requirements

Safety requirements consist of special loads for which line components (mostly support
members) have to be designed, to ensure that construction and maintenance operations do
not pose additional safety hazards to people. These measures are detailed in 6.5.

5.2 Load-strength requirements
5.2.1 Climatic loads

Loads associated with climatic events are random variables. Three weather-related loading
conditions are recognized: wind, ice, and wind and ice combined. When statistical data of
wind and/or ice are available, these can be used to compute the limit load O, for each
component exposed to the climatic event under consideration.
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In the calculation process for each component, the following condition has to be checked:

Design limit load < design strength (3)
or, more precisely,
Load factor y x effect of limit load Ot < strength factor @ x characteristic strength R_..

With the approach proposed, system limit loads O+ are used for design without additional load
factors. Consequently, y is taken equal to 1.

Thus Ilhe previous relation becomes:

effect of 1 < @ x R (4)
For weather related loads, the effects of O are detailed in 6.2 to 6.4.

Formyla (5) is used to compute the minimum value of characteristic strength R. fo each
compg@nent in order to withstand limit loads.

R, > (effect of O1) | @ (3)

Limit lpad Ot can be obtained from the statistical analysis of climatic data in accordange with
technigues detailed in Annexes C and D. In someJonational standards, a reference (usially a
50 year return period value) climatic variable is¢specified. In such a case, the climatic vdriable
for any return period T (years) can be estimated by multiplying the 50 year reference value of
the climatic variable by the load factor yr,.given in Table 2. In case other types of distripution
functigns are found to better represent the variation of yearly extreme values, the y; factors
below|may change.

Table 2 — Default’); factors for adjustment of climatic loads
in relation to return period 7 versus 50 years

Wind speed Ice variable
Return period TW Y Tit or Y Tiwi
years (ice thickness) (ice weight)
50 1 1 1
150 1,10 1,15 1,20
500 1,20 1,30 1,45

NOTE The above yvalues are sufficiently accurate for a COV of up to 16 % for wind speed, 30 % for ice thickness
and 65 % for unit ice weight and are derived from the Gumbel distribution function.

5.2.2 Design requirements for the system

Three types of design conditions shall be checked: reliability, security and safety. Table 3
summarizes the context of loads, the required performance and the strengths limit states
associated with each condition.
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Table 3 — Design requirements for the system

Condition Type of load Required performance Corresponding limit
(or requirement) state
Reliability Climatic loads due to wind, | To ensure reliable and Damage limit
ice, ice plus wind, and safe power transmission
temperature, having a capability
return period T
Security Torsional, vertical, and To reduce the probability Failure limit
longitudinal loads of uncontrollable
propagation of failures
(failure containment)
Safety Construction and To ensure safe Damage limit
maintenance loads construction and
maintenance conditions
5.2.3 Design formula for each component
When|designing individual line components, Formula (4) can be expanded into:
ny x effect of Or < dr x R, (6)
7u is the use factor coefficient. It is derived from the distribution function of the use fagtor U
and ekpresses the relationship between effective (actual) and design (original) conditipns or
paramleters. The use factor U is a random variable €qual to the ratio of the effective (lactual

line cq
for thi

introdjiced because components are designed.in general by families, not individually fo

suppo
knowl
admis

NOTE
support]

It is in
Howe

nditions) limit load applied to a component By a climatic event to the design lim
5 component under the same climatic event {using maximum parameters). Symbd

rt and location. Thus, since components are usually designed prior to s
pdge of their real line parameters (wind and weight spans and angle of deviation
sible to use y, = 1 for new lines design.

This is equivalent to considering(that design is controlled by the maximum span in the line for
type.

hportant to note this simplification will certainly have a positive influence on reli
er, the influence of.yy, on reliability can be fully considered for existing lines, whe

t load
F each
becific
), itis

A given

hbility.
[e uSse

parameters of components are fully known. For a detailed discussion on the subject, réfer to

Annex

R

¢ is he charagteristic strength. It is the value guaranteed in appropriate standards fq

E.

compg
stren
the e

nentss-usually with a 90 % to 98 % probability. This value is also called the guarg
h,.the minimum strength or the minimum failing load. When not specified or calct
clusion limit of R, can be conservatively taken as 10 % (typical values are in the

r new
nteed
lated,
range

of 2 % to 10U %). Tt Is generally accepied that lne componenis will age wiih time, Just ke any
structural components, and will suffer a reduction in their strength. This quantification of loss
of strength with time is not covered in this standard and the reliability values suggested herein
are based on new line conditions. If the reduction of strength due to ageing or fatigue can be
quantified in some components, it is needed to define the minimum residual strength that
should trigger the replacement of these components.

Very often, standards only provide a single normative value usually associated with failure of
the component, while the design approach mentioned above requires the consideration of two
limits: damage and failure limits. If the damage limit corresponding to R is not specified in the
standards, Tables 18 to 21 can be used to provide such values.
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@y is a global strength factor applicable to the component being designed that takes into
account:
a) features related to the system

— the number (N) of components exposed to the limit load Ot during any single
occurrence of this load event, (hence @),

— the coordination of strengths selected between components, (hence @g).
b) features related to the component

— the difference in the quality of the component during prototype testing and actual
installation (hence cbu)'

— | the difference between the actual exclusion limit of R, and the supposed, &=|10 %,
(hence @.).

As thgse factors are assumed statistically independent:
¢R=¢N X@SXQQ X@C (7)

The above strength factors @ are detailed in 7.2.

6 Loadings

6.1 Description

This ¢lause defines structural loadings considered for the design of transmissiop line
compg@nents.

As indicated in 5.2.1, three load categories*are considered:
a) loads due to climatic events or any loads derived from them which govern the reliablflity of
the line for the expected life time:
These loads will be analysed in the following subclauses:
— | wind loads (6.2);
— | ice without wind(6-3);
— | ice with wind (6/4);
b) IoIds relatedto safety requirements (construction and maintenance) (6.5);

c) loads related to security requirements (failure containment) (6.6).

6.2 |Climatic loads, wind and associated temperatures

6.2.1 General

This subclause defines the procedures to evaluate the wind and associated temperature
effects on line components and elements (conductors, insulator strings, supports).

6.2.2 Field of application

Although this subclause applies in principle to any overhead line, it is most accurately defined
for the following conditions:

e Span lengths between 200 m and 800 m. Calculations of the various coefficients (in
particular for gusty winds) have to be checked for span lengths outside this range.
However, for span lengths greater than 800 m, a gust coefficient corresponding to 800 m
span could be safely chosen. For span lengths less than 200 m, the values applicable to
200 m span can be applied.
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Height of supports less than 60 m. Taller supports could be designed following the same
principles, but the calculated wind actions would need to be checked. In particular, the

eigen frequency of structures above 60 m will often increase the gust response factor.

o Alt

itude of crossed areas not exceeding 1300 m above the average level of
the topographic environment, except where specific study results are available.

e Terrain without local topographical features whose size and shape are likely to

sig

nificantly affect the wind profile of the region under consideration.

It is important to note that requirements for special winds associated with localized events
such as tornadoes are not part of the normative requirements in this standard. It is however
recognized that these winds can cause serious damage to transmission lines either directly

(due tp wind forces) or indirectly (due to impact of debris carried by wind)2. Furthermofe, the
effecty of acceleration due to funnelling between hills are not covered and may-rpquire
specif|c climatic studies to assess such influences. In the informative Annex G, ptoposdls are
made [to deal with wind acceleration due to local topography such as slopes.
6.2.3 Terrain roughness
Wind [speed and turbulence depend on the terrain roughness.~With increasing {errain
roughmness, turbulence increases and wind speed decreases near ground level. Four types of
terrain categories, with increasing roughness values, are considered in this standgrd as
indicajed in Table 4.
Table 4 — Classification of terrain categories
Terrgin Roughness characteristics

categpry
A Large stretch of water upwind, flat coastal areas
B Open country with very few obstacles, for'example airports or cultivated fields with few trees o

buildings

Terrain with numerous small obstagles of low height (hedges, trees and buildings)

Suburban areas or terrain withimany tall trees
It is npted that snow accumulation on the ground will reduce the ground roughness and may
increalse the terrain category to a higher one in Table 4. However, this should also tale into
accouht the duration of_such snow and the occurrence of very high wind speeds during snow
presence
In ardas where)‘trees could be cut, care should be taken in the selection of the ferrain
categqry.
6.2.4 [ “Reference wind speed Vp

The reference wind speed Vg (m/s) corresponding to the selected return period T is defined

as me

an value of the wind during a 10 min period at a level of 10 m above ground.

Usually Vg is measured in weather stations typical of terrain type B. In such cases, Iy is
identified as Vgpg.

2 CIGRE WG B2.06 has published Technical Brochure No. 350 on special localized high intensity wind
phenomena such as tornadoes and downbursts. The proposals of this Brochure will benefit from validation by
service experience and are referred to in order to encourage additional research and comprehension about the
impact of HIW on overhead transmission lines. These studies suggest some simplified support load cases that
could reduce the probability of failure of structures subjected to such wind events. It is however important to
note that many of these high wind events involve flying debris that can lead to support failures irrespective of
the proposed strengthening.
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If the reference wind speed for terrain category B, V'gg is only known, Vg can be determined
with

VR = KR VRrB (8)
where KR is the roughness factor in Table 5.

When available wind data differs from these assumptions, refer to 6.2.5 for conversion
methods.

6.2.5 —Assessment of meteorotogicatmeasurements

Wind gaction is evaluated on the basis of the reference wind speed Vg that can be-detefqmined
from @ statistical analysis of relevant wind speed data at 10 m above ground and with an
averaxing period of 10 min.

Usually, meteorological stations (except those along the coast or in urban ‘areas) are placed
in areas of B terrain category, such as airports.

Nevertheless, the meteorological wind speed may be recorded inja terrain category x pite at
10 m above the ground as a mean value over a period of time«in s. Let 7, ; be this speqd. If it
is not| measured at 10 m height above ground, the data~should be adjusted first fo this
reference height of 10 m.

The variation of V in terms of height was not taken.inte account, as anemometers are, most of
the time, placed at a height of about 10 m above' surrounding ground. If this height{z (m)
differs| from 10 m, the variation of wind speed with height z can be derived from the so{called
“powef law”, shown in Formula (9). The value'of «is found in Table 5.

Table 5 — Factors describing\wind action depending on terrain category

Terrain category
Factor
A B Cc D
a 0,10 to 0,12 0,16 0,22 0,28
KR 1508 1,00 0,85 0,67
z o
V,=Vg | — 9
Or more generally:
21)%
Vz1 = V22 (_J (10)
z2

The curves of Figure 3 enable to determine the ratio V, / V, 10 min @s @ function of the
averaging period for each category of roughness at the location of the meteorological site.
These values may be used in the absence of local data or studies.

NOTE Some countries have recently switched to a 2 s or 3 s averaging period. The conversion from the 2 s or 3 s
wind speeds to the 10 min wind can be derived from available wind statistics, or if lacking, from Figure 3.
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Figure 3 — Relationship between meteorological wind velocities at a height
of 10 m depending on terrain: category and on averaging period

6.2.6 Determination from gradient wind velocities

Wherg meteorological stations:are remote from the locations considered for the erecfion of
the linle, the gradient wind speed, defined as the speed at the level on the top of the garth’s
boundjary layer, which is, 800 m to 1 000 m above ground, may be used as a bagis for
assesgment of design wind ‘velocities.

The gradient wind action is characterized by the mean value of yearly maximum gradienjt wind
velocifies Vg and-its standard deviation oy,g. From the wind speed 7' the mean of the [yearly

maxima ;m (#0 m above ground) can be approximated by the following formula:

Vm (B)=0,5 Vg (11)

Data for Vg can usually be obtained from national weather services.

6.2.7 Combination of wind speed and temperatures

Unless a strong positive correlation is established between wind speed and temperature, it is
assumed that reference wind speed Vg does not usually occur with minimum temperature.
Consequently, only two combinations of wind speed and temperature shall normally be
considered for design purposes; the first being reference wind speed combined with average
daily minimum temperature and the second being reduced wind speed combined with extreme
minimum temperature.
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In practice, the following two combinations need to be checked:

a) High wind speed at average temperature condition

The wind velocity V' defined above shall be considered as occurring at an air temperature
equal to the average of the daily minimum temperatures, peculiar to the site. If statistical
data confirms that high winds occur at a different temperature, then the statistical value
shall be used.

b) Reduced wind speed at the minimum low temperature condition
1) Reduced wind speed

The reduced wind speed is equal to the reference wind speed Vi multiplied by a
coefficient chosen according to local meteorological conditions. When theresltis no
reliable knowledge of local conditions, a value of 0,6 for this coefficient is suggéesfed.

2)| Temperature associated with the reduced wind speed

The minimum temperature shall be considered as being equal to the~yearly mipimum
value, having a return period of T years.

It is npted that the design of transmission lines is not generally contrelled by the combination
of red’tced wind speed and minimum low temperatures (condition.b2 above). This Ipading
case Inay therefore be omitted, except for cases of supports with short spans (typically less
than 200 m) and minimum low temperatures (typically below =30 °C), or in the case of
supports with dead-end insulators.

6.2.8 Number of supports subjected in wind action, effect of length of line

Gusts|with maximum wind speed are limited in width. An individual gust will therefore hfit only
one sppport and the adjacent spans. Nevertheless, to take care of the several gusts with
approximately the same magnitude, it is proposed to assume that five supports are hit|in flat
or rolling terrain and two in mountains.

For lohg lines, the probability to be hit-by extreme wind actions is higher than for shorf| lines.
The effect depends on many aspeéts, such as variation of terrain and climate, deslign of
supports adjusted to the terrain and the loads to be expected there. The design of the line
should aim at the same reliabjlity-of the total line related to the service life of the line.

Lines |with relatively shart\length up to 100 km could be designed for a reliability leyel as
proposed in 5.1.2.1. Fon'longer lines, in order not to increase the probability of failude, the
return|periods of chosen design assumptions should be extended so as to achieve the :lwerall
reliablity. The adjustment of return periods is not required if the map of wind data has ajready
been adjusted to/take into account the space covered by service area.

6.2.9 Unit action of the wind speed on any line component or element

The Cﬁaran{'mricﬁn valita o4 af tha nnit action in PDa (N/m2)  dua ta tha wind hlowina o r|ght
g eteHSH— AU e—a—o+—tHe—uhiit—acHeR—H—ra—(hh +—ad8—+o—+He—WHHRG—+O0WHRG L

angles to any line component or element (conductors, insulator strings, all or part of the
support) is given by the following formula:

a=q9Cy G (12)

where ¢g is the dynamic reference wind pressure (in Pa or N/m2) and is given in terms of the
reference wind speed Vrg modified by roughness factor K (see Table 5) corresponding to

the terrain category at the location of the line:

40 =%T/‘(KRVRB > (Vgg in m/s, and g, in N/m2) (13)

where
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These|factors shall be considered separately for each line component or element.

is the air mass per unit volume equal to 1,225 kg/m3 at a temperature of 15 °C and an
atmospheric pressure of 101,3 kPa at sea level;

is the air density correction factor. When limit wind speeds are known to be strongly
correlated with an altitude and/or temperature significantly different from the assumptions
of 15 °C and sea level, the correction factor r given in Table 6 can be applied to the
pressure qq, otherwise, ris considered to be equal to 1;

is the drag (or pressure) coefficient depending on the shape and surface properties of the
element being considered;

is the combined wind factor, taking into account the influences of the height of the element
above ground level, terrain category, wind gusts and dynamic response (component

v, v, O oat ctO & € v, O—tWo—Ta OrS—C -

ile in the case of supports and insulators this factor is identified as G;.

Table 6 — Correction factor 7 of dynamic reference
wind pressure ¢, due to altitude and temperatures

Altitude
Tq mp:erature m
¢ 0 1000 2,000 3000
30 0,95 0,84 0,75 0,66
15 1,00 0,89 0,79 0,69
0 1,04 0,94 0,83 0,73
-15 1,12 0,99 0,88 0,77
-30 1,19 1/05 0,93 0,82

NOTE| The reference value corresponds to 0 m altitude and a temperature of 15 °C. Interpolation betwgen the
above [factors is acceptable.

6.2.

6.2.

10 Evaluation of wind loads on line components and elements

10.1 Wind loads on conductors

Wind geffects on conductors consist of loads due to wind pressure as well as the effect|of the

increase in the mechanical tension.

The Idad (4.) indN-due to the effect of the wind pressure upon a wind span L, applied [at the
support and_blewing at an angle 2 with the conductors, is given by the following exprgssion,

using g of Fermula (13).

Ag=qg Cye Go G d L sin?2 Q (14)

where

XC

is the drag coefficient of the conductor taken equal to 1,00 for the generally considered
stranded conductors and wind velocities. Other values can be used if derived from
direct measurements or wind tunnel tests. It is noted that more evidences support a C,
of 1,2 for EW or conductors having a diameter of 15 mm or less.

is the combined wind factor for the conductors given in Figure 4, which depends on
height z and terrain categories.

is the span factor given in Figure 5.
is the diameter of the conductor (m).

is the wind span of the support, equal to half the sum of the length of adjacent spans of
the support.
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Q is the angle between the wind direction and the conductor (Figure 7).

The total effect of the wind upon bundle conductors shall be taken as equal to the sum of the
actions on the sub-conductors without accounting for a possible masking effect of one of the
sub-conductors on another.

The height to be considered for conductors is the center of gravity of the suspended
conductor theoretically located at the lower third of the sag. For the purpose of transmission
support calculations, it is acceptable to consider z equal to the height of attachment point of
the conductor at the support (for horizontal configuration) or of the middle conductor (for
vertical circuit configuration). These assumptions for conductors are conservative and
compensate for the increased height of the ground wire on top of the support

Values different from Figures 4 and 5 can be used if supported by data and validatedumqgdels.

Y A
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3,2 =T DN
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Figure 4= )Combined wind factor G for conductors for various
terrain categories and heights above ground
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Figure 5 — Span factor G_

NOTE Formulas for Figures 4 and 5 are given in Annex B.
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6.2.10.2 Wind effect on conductor tension

Wind acting on conductors will cause an increase in their mechanical tension that can be

computed with standard sag-tension methods.

combi

nations shall be checked, as stated in 6.2.7.

Two cases of wind and temperature

If a series of spans is separated by suspension insulators, the ruling span concept may be
used for tension calculations. It is important to note that the ruling span concept implies that
the same wind pressure applies to all spans between dead-end insulators. This assumption
becomes more conservative with an increasing number of suspension spans and length of
insulator strings. In such cases, the conductor tension due to wind load calculated with

Formu

la (14) can be reduced. if supported by experience or data. but in no case by mor

e than

20 %.
absen
suspe

The ry

Cautidg
some
betwe

It is i
condu

6.2.10.

Wind
and fr|
conve
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NOTE

With regard to ground wires, no reduction of wind pressure is applicable becau
ce of suspension insulator strings prevents equilibrium of horizontal tensions, e
nsion supports, hence, results in the inapplicability of the ruling span concept.

ling span of a series of suspension spans between dead-ends is equal'to (ZL3/ZL)

n should be exerted when using the above reduction factor ©f,'4p to 20 % bg

bn dead-end supports; in such case, no reduction factor is @pplied.

mportant to properly control any damaging vibration to conductors by limitin
ctors tensions to appropriate levels (refer to Annex/F for further information).

3 Wind loads on insulators strings

oads acting on insulator strings originate from the load 4, transferred by the cond
bm the wind pressure acting directly omthe insulator strings. The latter load is
htionally at the attachment point to the Support in the direction of the wind and its
is given by:

4; = qg Cyxi Gt S

the dynamic reference wind pressure in Pa (N/m2);

the drag coefficient of the insulators, considered equal to 1,20;

the combined wind factor given in Figure 6, variable with the roughness of the t
nd. The(same average height of conductors can be used.

The (formula for Figure 6 is given in Annex B.

S.

i S

e the
en at

2

cause

supports may be used in sections with few suspension spanscand even as a singlg¢ span

g the

ctors
pplied
value

(15)

prrain,

d with the)height of the centre of gravity of the insulator string above the surrodinding

the area of the insulator string projected horizontally on a vertical plane parallel

to the

axis of the string (m2). In the case of multiple strings, the total area can be conservatively

ta

ken as the sum of all strings.
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servatively adopting the same pressure as the one applied-to supports.

4 Wind loads on supports

4.1 General

| as the wind loads acting on the supportitself.

The method of determination of wind-lgadings on the support itself is only given

standg
eleme

During
loads
after g

6.2.10

rd for the most common types of-supports, i.e. lattice towers and towers with cyli
hts. This method can, however;-be applied to other types of supports.

on supports. This is due to the fact that the projected area of members is only
ompletion of the support detailed design.

.4.2 Lattice towers of rectangular cross-section

Two
on a

based|on its)calculated solidity ratio, and the second method is based on wind pressure

applie

ethods qare proposed for calculating loads on lattice towers. The first method is
anel’_concept where the same pressure is applied to the windward face of the

gure 6 — Combined wind factor G; applicable to supports and insulator strinds

noted that wind on insulator strings has a small effectyon design of supports.
quently, it may be acceptable for most lines to simplify thé calculation of wind prg¢ssure

oads on the supports consist of the wind loads transmitted by conductors and insylators

n this
drical

detailed design of supports, an iterative process is required in order to comput¢ wind

nown

based
panel
being

mdividually to all tower members taking into account the angle of incidence of wind

with theTormmattothetower:

Metho

d 1: wind on panels

In order to determine the effect of the wind on the lattice tower itself, the latter is divided into
different panels. Panel heights are normally taken between the intersections of the legs and

bracin

g and typically having a height of 10 m to 15 m.

For a lattice tower of square/rectangular cross-section, the wind loading 4, (in N), in the
direction of the wind, applied at the centre of gravity of this panel, made up of various support

memb

ers, is equal to:

A= qp (1 +0,28in226) (Syq Cypq COS2 0+ Sy Cyyp SiN? 6) Gy

(16)


https://iecnorm.com/api/?name=29e0b2782a2a9b9da46d17694453cda5

IEC 60826:2017 © |IEC 2017 -31-

where

q0

Cxt1 ) Cxt2

is the dynamic reference wind pressure Pa (N/m2), see Formula (13);

is the angle of incidence of the wind direction with the perpendicular to face 1 of
the panel in a horizontal plane (Figure 7);

is the total surface area projected normally on face 1 of the panel (m?2);
is the total surface area projected normally on face 2 of the panel (m?2);

are the drag coefficients peculiar to faces 1 and 2 for a wind perpendicular to
each face. C,yq , Cyo are given in Figure 8 for panels of the tower where all or
some of the members exposed have plane surfaces, and in Figure 9 where all
support members have a circular section;

Gy

is the solidity ratio of a panel equal to the projected area of members diviged by
the total panel area. The solidity ratio y of one face is the ratio betwéén’the total
surface of the support members (S;4 or S;y), defined above, anf the
circumscribed area of the face of the considered panel,

is the combined wind factor for the supports given in Figure-6.The height fabove
ground is measured at the centre of gravity of the panel.

NOTE |The projections of the bracing elements of the adjacent faces and of the diaphragm bracing memblers can

be neglpcted when determining the projected surface area of a face.
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Figure 7 — Definition of the angle of incidence of wind
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igure 8 — Drag coefficient C,, for lattice supports made of flat sided’members
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Figure 9 — Drag coefficient Cgpfor lattice supports made of rounded memberg

(17)

NOTE 1 The formulas for Figures 8 and-9 are given in Annex B.

Method 2: Wind on all tower members

In this method, the(wind force on each member is calculated independently (neglecting
shield|ng) based onithe geometrical relationship between the wind velocity vector and the axis
of the|member.{The force is in the plane formed by the wind velocity vector and the mpmber
axis, and it i§ perpendicular to the member. The wind force in N is calculated using the
formula below:

where

go is the dynamic reference wind pressure Pa (N/m2), see Formula (13);

Sy s

the surface of the flat member exposed to wind (m2);

C,t is the drag coefficients peculiar to a flat surface if the tower members are made of steel
angles. In such a case, C,; can be considered equal to 1,6. In the case of tower members
made of round tubes, C,, can be considered equal to 1,0. In both cases, the shielding is
neglected and this load is calculated on all tower members;

NOTE 2 This method will provide conservative results compared to Method 1, but is a logical way of taking into
account the complexity of a more accurate calculation of wind effects of supports.

G, is the combined wind factor for the supports given in Figure 6. The height above ground

is

measured at the centre of gravity of the member;
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Q is the angle between the wind direction and the tower steel member. This angle is
calculated from the 3-d geometry, between the direction of the wind velocity vector and
the member axis in the plane formed by the wind velocity vector and the member axis.

This method is particularly suitable for software implementation.

6.2.10.4.3

Supports with cylindrical members having a large diameter (d;, > 0,2 m)

For such supports the effect of the wind loading (in N) in the direction of the wind, on each
member [, long, applied at the centre of gravity of the member, is equal to:

-
I~ xtc

Figure 10 — Drag coefficient C

s the angle formed by the direction of the wind and the cylinder axis;
s the diameter of the cylinder (m);
s the length of the member (m);

s the kinetic air viscosity (v =.1,45 x 10~% m?2/s at 15 °C)

AtC = qo CXt Gt dtC le Siﬂ")J o' (18)

s the combined wind factor, a function of the terrain category’and the height 7 |of the
Centre of gravity of the member above the ground (Figure 6Y;

s the drag coefficient for a wind perpendicular to the axis-of the cylinder. The v3lue of

depends on the Reynolds number Re corresponding to the gust speed at this

neight, and on the roughness of the cylinder. An agceptable simplification is to consider
he most unfavourable case of a rough cylinder.{The value of C,,. is given in Figlire 10
n terms of Re that corresponds to the reférence wind speed Vg at this hdight z
corrections with height are described in Formula (8)) and is given by:

di. XV,
Re=%R (19)
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«tc Of cylindrical elements having a large diameter

In the case of wood pole, it is acceptable to simplify the wind load calculation on the poles by
adopting a C, value equal to 1. This simplification is due to the fact that the height of wood
poles is generally limited and does not warrant a precise calculation of wind on the pole itself.

In the case of structures (steel poles and frames) made of polygonal cross section, the values
of C, can be found in Table 7:
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Table 7 — Drag coefficient of polygonal pole sections

Member shape Drag coefficient, C,
16-sided polygonal 0,9
12-sided polygonal 1,0
8-sided polygonal 1,4
6-sided polygonal 1,4
Square, rectangle 2,0

6.2.10

Form(
8 as a

NOTE
6.3
6.3.1

Ice lo
compd
This s

In mo
types
design
less i
occurt

Althod

.4.4  Lattice towers of triangular cross-section

la (16) can be used, except that the drag coefficient C,; shall be calculated‘from
function of the solidity ratio .

Table 8 — Drag coefficient of structures having a triangularsection

Solidity ratio, Drag coefficient C,, for triangular-section’structures
<0,025 3,6
0,025 to 0,44 3,7to 4,5y
0,45 to 0,69 1,7
0,70 to 1,00 1,0+

Above Table 7 and Table 8 are taken from ASCE 74, 2006 draft.
Climatic loads, ice without wind
Description

ads consist of all combinations of frozen water that adheres to transmissio
nents such as freezing rain) in-cloud-icing, wet snow, etc. (see description in Ann
fandard covers two main_types of icing: precipitation icing and in-cloud icing.
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load. If a difference between the design loads for the two types of ice is appare
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serve as a basis for the wind and ice combined loadings given in 6.4 as well as non-uniform
ice conditions described in 6.3.6.4.

6.3.2

Ice data

Ice load is a random variable that is usually expressed either as a weight per unit length of
conductor g (N/m), or as a uniform radial thickness ¢ (mm) around conductors and ground
wires. In real conditions, ice accretion is random in both shape and density and depends on
the type of accretion as indicated in Figure C.1. However, for ease of calculations, these are
converted to an equivalent radial ice thickness (¢) around conductors with a relative density &

of 0,9.

Formula (20) expresses the relation between g and ¢:

2=9,82x10"3 5n ¢ (d+ t/1000)

(20)
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where

g is the ice weight per unit length (N/m);

& is the ice density (kg/m3);

t is the radial ice thickness, assumed uniform around the conductor (mm);

d is the conductor diameter (m).

For an ice density § = 900 kg/m3, Formula (20) becomes:

When

with g

repre
accre
valida

A very

to tra

g=27,7t(d+ t/1000)

both t and d are expressed in mm and § = 900 kg/m3, Formula (20) becomes:

g=0,0277 ¢t (t + d)
in N/m.
entative of the line. These measurement techniques arecdescribed in IEC 6177

on models can also supplement direct ice data measurement, but require apprg
ion with real data.

Ice Ioiad should ideally be deduced from measurements taken from-conductors and log

hsfer knowledge acquired from one site to(another because the terrain st

influences the icing mechanism.

For ds

ideally required. Very often, this will not be the case and service experience with e

install

Ice ac

NOTE
weight
towers

6.3.3

htions will provide additional input.

It is noted that weight of ice on'lattice steel structures can be quite significant and can reach or exc|
bf the structure itself in case of radial ice thickness greater than 30 mm to 40 mm. Furthermore, i
hlso increase the exposed.area to wind, hence, loads due to wind on ice covered towers.

Evaluation ©f)yearly maximum ice load by means of meteorological data
analysis

Sufficient datd for using the statistical approach in this standard may be obtained by me

an an
combi
where

hlysiswof+available standard weather or climatic data over a period of 20 years or
hed 'with at least five years of ice observation on the transmission line sites. For
years of icing data is less than 20, an approximate method is given in 6.3.4.

cretion on structures should be-considered (refer to C.9.2 for a suggested method).

(21)

ations
4. Ice
priate

important factor with ice accretion is the effect af the terrain. It is usually rather difficult

rongly

sign purposes, icing data from measuring stations near or identical to the line site are

isting

eed the
cing on

Aans of
more,
cases

If a reliable ice accretion model is available to estimate values for yearly maximum ice loads
during a certain number of years, this model can be used to generate ice data which will be
used in the statistical analysis. Information about the line site which is necessary to validate
and adjust the predicting model may be taken from past experience with existing transmission
or distribution lines, from field observations or from the effect of icing on vegetation.

Such a predicting model can be rather simple or become sophisticated, depending on icing

severi

ty, terrain, local weather, number or types of ice data collecting sites.
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6.3.4 Reference limit ice load
6.3.4.1 Based on statistical data

The reference design ice load gg, or tg if ice thickness is chosen as the ice variable, are the
reference limit ice loads corresponding to the selected return period T (function of the
reliability level of the line). The gg or g values can be directly obtained from the statistical
analysis of data obtained either from direct measurements, icing models, or appropriate
combinations of both.

NOTE 1 The figures and formulas given in this subclause are based on g (N/m) being the ice variable. However,
Formula (20) can be used to convert from gy to #; if the latter is chosen as the ice variable.

If recqrds of yearly maximum ice loads gy, during a period of at least 10 years are avj:able,
; the

the mean value g, is derived from the records of the yearly maximum ice load g
standard deviation o is calculated or estimated according to Table 9.

g
Table 9 — Statistical parameters of ice loads
Numper of years with observation Mean value Standard deviation
" —
gm %
Only nfaximum icing value g4y Of - \ -
yearly lnaximum ice loads g, is known | &m~ 0,45 gax og=05 g
10 <nf 20 €m O,SgSagSOng

If datg is measured (or model simulated) on conductor diameters and heights typical [of the
line, there will not be any further adjustmentto this value. However, if data is measured|at the
assurmjed reference height of 10 m on a 38imm conductor diameter, gg should be adjusfed by
multiplying it with a diameter factor Kg~\and a height factor K, applicable to the actupl line
conditjons.

K4 is given in Figure 11.

& A
1,4
g
13 /./
1,2 -
—+—Incloud icing
11 :L_ ——
— —i— Precipitation icin

Ui . -~ P ’
85
0,8 -

10 20 30 40 50 60

Conductor diameter (mm) IEC

Figure 11 — Factor K related to the conductor diameter

For both types of icing, when Ky ; exceeds 100 N/m, the value of K is no longer increased.

If g (average of yearly maximum values of g) is above 100 N/m and d greater than 30 mm, K,
is considered equal 1,0.
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Kn describes the variation of g with the height of conductors above the ground. Its value is
given in Figure 12.

5 A
|
.-'"’.-.-.-r.-...-..—r.
1,1 /i/
.-"/

1 l/ —u— Precipitation icing
0,9 -

10 15 20 25 30

Height above ground (m) \ec
E

Figure 12 — Factor K,, related to the conductor height

As a gimplification, it is suggested that the value gg be the same\for phase conductofs and
groundl wires in the same span, but there is growing evidence that the higher ground wire may
accumulate more ice for some types of ice accretion. For variation of in-cloud icing acgretion
with height, refer to the note in C.9.1.

NOTE 2 Some recent studies suggest that bundled conductorssmay collect less wet snow or in-cloud ife than
single qonductors due to the difference in torsional behaviour. Thi§ matter is currently under investigation.

NOTE 3 As regards wet snow, the thickness of icing may be-considered the same on conductors and ear{h-wires
unless $ervice experience indicates otherwise.

6.3.4.2 Based on service experience

Wherg icing data or reliable ice accretion models are not available, the only alternative is to
rely on service experience based on‘actual ice loads observed on the conductors or deduced
from fpilure events. In both cases;-neither the return period of the ice loads, nor the Igvel of
reliabijity will be known.

6.3.5 Temperature during icing
The default temperature to be considered with ice conditions shall be -5 °C, except for|cases

of incloud icing where the temperature can be in the range of —20 to -5 °C or wherg icing
records confirm‘that lower temperatures occur during icing persistence on conductors.

6.3.6 L'oads on support

6.3.6.1+—General

Three different icing conditions on the conductors shall be considered when determining the
loads on the support without wind. These are considered to be the most significant for
torsional and flexural loads of supports and encompass the majority of the icing conditions
that are likely to occur:

e uniform ice formation: weight condition;

¢ non-uniform ice formation: longitudinal and transverse bending condition;

e non-uniform ice formation: torsion condition.

Note that ice loading conditions combined with wind are considered in 6.4 and are considered
important for transverse loads on supports.
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6.3.6.2 Loading cases description

In the description of the different loading conditions, the values of the ice loads are given as
functions of the reference design ice load gg. It is important to be aware of the fact that gg
may vary from one span to another in a section of a line, due to local terrain effects, giving
non-uniform situations. The aim is to propose conventional loading conditions for the purpose
of calculating support loads which are typical for known occurrences of ice loading.

When computing loads on a support from conductors, the effects of the swing of the insulator
set, deflection or rotation of the support and/or foundations and the interaction with other
conductors shall be considered. Sometimes, simplifying assumptions or load cases can be
used if these result in conservative load cases.

Ice may not accumulate or shed uniformly from adjacent spans. A non-uniform ice formation is
defined as an ice load corresponding to the probability of an ice accretion on_typically three
spans|or more on one side of the support, whilst on the other spans in the _clause the|ice is
reduced to a certain percentage of that value.

NOTE |Unbalanced ice loads due to unequal accretion or ice shedding will invariahly, occur during icing |events.
Statisti¢s of unbalanced ice loads are not usually available; however, the recommeéndations given in this sfandard
should pe sufficient to simulate typical unbalanced ice loads that occur in such conditions.

6.3.6.3 Uniform ice formation — Maximum weight condition

The maximum uniform ice loading on the conductors is asstimed to occur, when the confductor
ice loading is equivalent to the reference limit ice load\(gr). The overload per unit length is
gr (N/m), and the total conductor load per unit lebgth = w+ ggr (w is the unit weight of
condugtors in N/m).

6.3.6.4 Non-uniform ice conditions on phase conductors and ground wires

Uneqyal ice accumulations or sheddingn*adjacent spans will induce critical out-of-balance
longitddinal loads on the supports. -Unbalanced ice loads can occur either during ice
accreTon, e.g. in-cloud icing with significant changes in elevation or exposure, or duripg ice
sheddjng.

Suggdgsted configurations of“non-uniform icing conditions are described in Table [0 for
support types shown in Eigure 13.

a d
e y b e
c —4— f
a b c
IEC IEC
a) Single circuit support b) Double circuit support

Figure 13 — Typical support types

NOTE For multi-circuit lines, the number of phases subject to non-uniform ice can be different, but not less than
that given for double circuit lines.
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Table 10 — Non-uniform ice loading conditions

Longitudinal bending Transverse bending Torsional condition
Type of condition condition
supports
Left span Right span Left span Right span Left span Right span
Single circuit | xyabc XYABC xYabC xYabC XYabC XYABC
Double circuit | xabcdef XABCDEF XabcDEF XabcDEF XabcDEF XABCDEF

NOTE

In this table, the letters A, B, C, D, E, F, X, Y represent conductors and spans loaded with 0,7 gr

the letters a, b, c, d, e, f, x, y represent conductors and spans loaded with 0,4 x 0,7 gg. Factors 0,7 and 0,4 are
suggested and other values can be used as substantiated by experience.
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generate the combined loadings of ice and wind corresponding to the selected reliability
detailed_data and observations on ice weight, ice shape and coincident wind are not
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the exposure of the line to its surroundings changes from one span{io“van
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rvative results.

specific sections of an OHL are exposed to severe in-cloud icing and adjacent

j on one side of the support and bare conductors on the other side.

Climatic loads, combined wind and ice loadings
General

bmbined wind and ice loadings treated ifi’this subclause relate to wind on ice-cq
ctors. Wind on ice-covered supports and insulator strings can, if necessary, be t
milar way with special attention to drag coefficients.

Combined probabilities =<Principle proposed

ction of wind on ice-covered conductors involves at least three variables: wind
ccurs with icing, ice weight and ice shape (effect of drag coefficient). This action 1

, statistics ofi wind speed during ice presence on conductors should be ug

bnly available, it is proposed to combine these variables in such a way that the re
ombinations will have the same probability of occurrence or return periods T as

adoptTd for-each reliability level.
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Assuming that maximum loads are most likely to be related to combinations involving at least
one maximum value of a variable (either of wind speed, ice weight or ice shape), a simplified
method is proposed: a low probability-high value (index L) of a variable is combined with high
probability-low values (index H) of the other two variables, as is shown in Table 11. This
simplification is equivalent to associating one variable (e.g. ice load) having a return period T
with the average of yearly values of all the other variables related to this loading case, such
as wind during icing or the drag coefficient.
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